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INTRODUCTION 
Th i s  r e p o r t  summarizes t h e  r e s u l t s  of d r i l l i n g  of an 8,565 
f o o t  geothermal t e s t  n e a r  Leach Hot Spr ings ,  Persh ing  County, Nevada, 
by Sunoco Energy Development Company. USA Ull-36 i s  l o c a t e d  500 f e e t  
south  and 500 f e e t  east of t h e  northwest co rne r  of Sec t ion  3 6 ,  T. 32 N . ,  
R. 38 E (Mount Diab lo  Mer id ian) ,  e l e v a t i o n  4,573 f e e t .  It w a s  d r i l l e d  
between May 15 and J u l y  2 ,  1980. The d r i l l i n g  c o n t r a c t o r  w a s  R. B. 
Montgomery D r i l l i n g  Company. Walter R. Wilde of GeothermEx, Inc .  
served as we l l - s i t e  g e o l o g i s t  and w a s  on l o c a t i o n  cont inuous ly  from 
May 25  t o  J u l y  1. 
USA !Ill-36 w a s  deemed unsuccessfu l ,  having encountered no 
temperature h i g h e r  than  270°F and no s i g n i f i c a n t  pe rmeab i l i t y ,  and 
w a s  plugged and abandoned wi thout  t e s t i n g  p r i o r  t o  r e l e a s i n g  t h e  r i g .  
Ava i l ab le  l o g s  are l i s t e d  i n  t a b l e  1. A d e t a i l e d  l i t h o l o g i c  l o g  and 
a complete set  of tempera ture  l o g s  are included i n  appendices A and B 
of t h i s  r e p o r t .  The l i t h o l o g i c  and temperature d a t a ,  p e n e t r a t i o n  h i s t o r y ,  
and c a s i n g  program are  d i sp layed  g r a p h i c a l l y  i n  p l a t e  1. 
- 1 -  
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Table 1. Logs a v a i l a b l e  f o r  USA Pll-36. 
Log 
Mud l o g  
Vert ical  
Depth Sca le  
s u r f a c e  t o  8,565 f e e t  2"/100 f e e t  
Dual i n d u c t i o n  focusedlbore-hole  2,705 t o  8 ,561  f e e t  2"/100 f e e t  
compensated s o n i c  ( l i n e a r  s c a l e )  
5"/100 f e e t  
( l o g  s c a l e )  
Compensated fo rma t ion  d e n s i t y /  2,705 t o  8 ,561  f e e t  2"/100 f e e t  
compensated neu t ron  
5"/100 f e e t  (gamma l o g  t o  s u r f a c e )  
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GEOLOGY AND PRE-DRILLING PROSPECT MODEL 
The Leach Hot Spr ings  geothermal prospec t  h a s  been t h e  focus  
of ex tens ive  g e o l o g i c a l ,  geochemical, geophys ica l  and hydro logic  
i n v e s t i g a t i o n s  conducted by s t a f f  of t h e  U. S. Geologica l  Survey and 
t h e  Lawrence Berke ley  Laboratory of t h e  Un ive r s i ty  of C a l i f o r n i a .  
The r e s u l t s  are a v a i l a b l e  i n  numerous p u b l i c a t i o n s ;  u s e f u l  summaries 
a r e  provided by O l m s t e a d  and o t h e r s  (1975), Beyer and o t h e r s  (19761, 
and Sass and o t h e r s  (1977). Only a b r i e f  o u t l i n e  of important f e a t u r e s  
is  given he re .  
Leach Hot Spr ings  i s s u e  from t h e  base of a f a u l t  s c a r p  i n  ' 
alluvium about  1-1/2 m i l e s  w e s t  of t h e  f r o n t  of t h e  sou the rn  Sonoma 
Range i n  Grass V a l l e y ,  Nevada. Temperatures a t  v a r i o u s  o r i f i c e s  range  
from 35°C t o  90°C (Olmstead and o t h e r s ,  1975). S i l i c a  concen t r a t ion  
i n  t h e  thermal  w a t e r  (Mariner and o t h e r s ,  1974) sugges t s  an e q u i l i b r a -  
t i o n  tempera ture  a t  depth  of 155°C (311°F). A n e a r - c i r c u l a r  heat-flow 
anomaly about  2 m i l e s  i n  d iameter  i s  cen te red  a t  t h e  s p r i n g s .  
P r e - T e r t i a r y  basement rocks exposed i n  the Sonoma Range ( f i g u r e  
1 )  i n  t h e  v i c i n i t y  of t h e  s p r i n g s  c o n s i s t  p r i m a r i l y  of q u a r t z i t e ,  c h e r t ,  
g reens tone ,  and a r g i l l i t e  of t h e  Permian-Pennsylvanian Havallah sequence. 
This u n i t  i s  sometimes subdiv ided  i n t o  t h e  Pumpernickel and Havallah 
format ions ,  based  p r i n c i p a l l y  on t h e  r e l a t i v e  abundance of greens tone ,  
b u t  t h e  l i t h o l o g i e s  a re  o the rwise  s i m i l a r ,  and s t r u c t u r a l  and s t ra t i -  
graphic  r e l a t i o n s  are o f t e n  so complex t h a t  cons ide rab le  ques t ion  remains 
as t o  t h e  v a l i d i t y  of t h e  two-formation hypothes is .  Seve ra l  m i l e s  sou th  
of Leach Hot S p r i n g s  t h e  Pa leozo ic  rocks  a r e  unconformably o v e r l a i n  by 
s i l i c i c  p y r o c l a s t i c  rocks of the Tr ia s s i c  (Johnson, 1 9 7 7 )  Koipato group. 
Ten m i l e s  n o r t h  of t h e  s p r i n g s  t h e  Havallah sequence is  i n  complex 
t h r u s t - f a u l t  j u x t a p o s i t i o n  w i t h  Cambrian rocks  c o n s i s t i n g  of q u a r t z i t e ,  
s h a l e , . s a n d s t o n e ,  and c h e r t  ( t h e  Osgood Mountain, P r e b l e ,  and Harmony 
format ions)  and Orodovician a r g i l l i t e ,  q u a r t z i t e  and g reens tone  ( t h e  
Valmy fo rma t ion ) .  
H i l l s ,  p r e -Te r t i a ry  rocks  c o n s i s t  o f  t h e  Havallah sequence and Koipato 
group, w i t h  o v e r t h r u s t s  i n  t h e  Spauld ing  Canyon area of t h e  Harmony 
and Valmy fo rma t ions .  
Across t h e  v a l l e y  i n  t h e  E a s t  Range and t h e  Goldbanks 
The P a l e o z o i c  and Mesozoic r o c k s  a r e  in t ruded  by Mesozoic g r a n i t i c  
p lu tons .  Most of  t h e s e  are J u r a s s i c  g r a n o d i o r i t e s .  An o l d e r  group of 
i n t r u s i o n s ,  w ide ly  a s s o c i a t e d  w i t h  t h e  Triassic Koipato group, are  l a r g e l y  
l e u c o g r a n i t e s .  
T e r t i a r y  rocks  are  poor ly  exposed i n  t h e  Grass Va l l ey  area. 
I s o l a t e d ,  wide ly  s c a t t e r e d  ou tc rops  of r h y o l i t e  t u f f  i n  t h e  Sonoma 
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Range and t h e  Goldbanks H i l l s  probably a r e  t h e  o l d e s t .  
ments c o n s i s t i n g  of t u f f a c e o u s  sands tone  and s i l t s t o n e ,  mudstone, marl, 
and fresh-water l imes tone  c rop  ou t  i n  piedmont f a u l t  s c a r p s  i n  f r o n t  
of t h e  Sonoma Range, capped by o l d  a l l u v i a l  g r a v e l s ,  and a t  h ighe r  ele- 
v a t i o n s  i n  t h e  Goldbanks H i l l s ,  where they  a r e  o v e r l a i n  by younger 
b a s a l t  f lows. 
f l o o r  sou th  and east of  Leach Hot Spr ings .  
T e r t i a r y  sed i -  
A b a s a l t  d i k e  c rops  ou t  i n  t h e  low mounds on t h e  v a l l e y  
S u r f a c e  f a u l t  s c a r p s  are numerous on t h e  east  s i d e  of Grass 
Valley.  
(1975) r e v e a l e d  t h r e e  sets of s u r f a c e  f a u l t  l i n e a t i o n s  i n  t h e  v a l l e y :  
(1) a nor th-south  set  p a r a l l e l i n g  t h e  range f r o n t ;  ( 2 )  a north-northwest- 
t r end ing  set i n  t h e  c e n t e r  of t h e  v a l l e y ;  and (3)  a nor theas t - t r end ing  
set through t h e  h o t  s p r i n g s  area. The h o t  s p r i n g s  occur i n  an  area of 
i n t e r s e c t i o n  between nor th- t rending  and no r theas t - t r end ing  f a u l t s ,  and 
i t  w a s  b e l i e v e d  t h a t  t h e  geothermal r e s e r v o i r  w a s  w i t h i n  f r a c t u r e d  base- 
ment rocks  a s s o c i a t e d  w i t h  t h e s e  f a u l t s  a t  depth .  The w e l l  l o c a t i o n  
w a s  chosen w i t h  a n  a i m  t o  i n t e r c e p t  t h e  f a u l t  system a t  a depth  of 6,000 
t o  8,000 f e e t .  
A photogeologic  s t r u c t u r a l  i n t e r p r e t a t i o n  ( f i g u r e  2)  by Noble 





Figure  2. Faul t  map of t he  Leach Hot S p r i n g s  area. 
ind ica te  down-faul ted sides o f  sca rp le t s ;  ball symbol indicates 
downthrown s ide  of other f a u l t s .  
by a small c i r c l e  near the center  of t he  map, and Hot S p r i n g s  
passes t h r o u g h  i t  t o  the northeast  and southwest. 
Hachured l i nes  
Leach Hot Springs is denoted 
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OPERATIONAL SUMMARY 
The upper  p a r t  of t h e  w e l l  w a s  d r i l l e d  very  r a p i d l y .  Spudded 
Twenty-inch and 13-3/8-inch cas ing  
a t  7 : O O  PM on May 15, t h e  h o l e  w a s  a l r e a d y  2,900 f e e t  deep when t h e  w e l l -  
s i t e  g e o l o g i s t  arrived on May 25. 
had been set and cemented a t  320 and 2,701 f e e t  r e s p e c t i v e l y .  
continued a t  r a p i d  rates (200 t o  400 f e e t  per  day) through s e v e r a l  
formation changes t o  a depth  of n e a r l y  6,000 f e e t .  During t h i s  t i m e  
t h e r e  were no major d r i l l i n g  problems. A t  a depth  of 5,150 f e e t ,  w i t h  
mud tempera tures  running about  145"F, a cooler  w a s  i n s t a l l e d  i n  t h e  mud 
system. 
D r i l l i n g  
A t  5 ,963 f e e t  a twis t -of f  i n  t h e  bottom-hole assembly caused a 
s h o r t  de lay .  This  co inc ided  approximately with a s i g n i f i c a n t  formation 
change which slowed d r i l l i n g  t h e r e a f t e r  t o  100 t o  150 f e e t  pe r  day. 
D r i l l i n g  proceeded a t  t h i s  slow ra te  t o  t o t a l  depth  (8,565 f e e t )  w i th  
no no tab le  d i f f i c u l t i e s .  T o t a l  depth  w a s  reached a t  1 O : O O  PM on June 
28. Bottoms-up mud c i r c u l a t i o n  (1-1/2 hours) w a s  followed by a s h o r t  
wiper run  t o  c o n d i t i o n  t h e  h o l e  f o r  temperature logging.  The b i t  w a s  
back on bottom a t  4 : 5 0  AM, June  29, and mud w a s  c i r c u l a t e d  t h e r e  f o r  4 
hours ,  w a i t i n g  on logging  personnel .  The f i n a l  bottom-hole sequence thus  
cons i s t ed  of  1-112 hours  of  c i r c u l a t i o n ,  followed by approximately 5-1/2 
hours of s t a t i c  t ime (dur ing  t h e  wiper  run ) ,  followed by ano the r  4 hours  
of c i r c u l a t i o n .  
A l l  t empera ture  l o g s  were made wi th  a newly c a l i b r a t e d  Amerada- 
type down-hole-recording bomb. The f i r s t  l og ,  c o n s i s t i n g  of twelve 
10-minute s t o p s  from 5,000 f e e t  t o  t o t a l  depth,  came o f f  bottom a t  
3:50 PM t h e  same day, 7 hours  a f t e r  last c i r c u l a t i o n .  The recorded 
bottom-hole tempera ture  of 217°F w a s  so  unexpectedly l o w  t h a t  a d e c i s i o n  
w a s  made t o  r u n  two ins t rumen t s  i n  tandem on t h e  nex t  run to check t h e  
instrument accuracy .  
Unfo r tuna te ly ,  t h e  w i r e  l i n e  pa r t ed  as t h e  two ins t rumen t s  were 
being withdrawn from t h e  h o l e  on t h e  second a t tempt .  
f i shed  from n e a r  t h e  bottom of t h e  h o l e  wi th  a spea r  mounted on t h e  end 
of t h e  d r i l l  p ipe .  The c h a r t s  i n d i c a t e d  t h a t  t h e  in s t rumen t s  had s t u c k  
i n  the  ho le  on t h e  way down (appa ren t ly  they w e r e  l a t e r  knocked t o  t h e  
bottom of t h e  h o l e  by t h e  f i s h i n g  t o o l s )  and gave no r easonab le  tempera- 
t u r e  p r o f i l e  f o r  t h e  w e l l .  
obtained from t h e  m a x i m u m  d e f l e c t i o n  of t he  s t y l u s e s  a t  t h e  end of t h e  
c h a r t s .  The two ins t rumen t s  agreed w e l l ,  thus  s u b s t a n t i a t i n g  t h e  ear l ier  
temperature  measurements. 
They w e r e  e v e n t u a l l y  
However, a bottom-hole r ead ing  of 236°F w a s  
Compensated formation dens i ty-neut ron  and d u a l  induct ion-sonic  
l o g s  were run  on J u l y  29 and 30 fo l lowing  the  abor t ed  temperature  log .  
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Therea f t e r ,  on J u l y  30, another  tempera ture  l o g  i d F n t i c a 1  t o  t h e  f i r s t  
w a s  s u c c e s s f u l l y  completed. A bottom-hole temperature of 255°F w a s  
ob ta ined ,  r e p r e s e n t i n g  a warm-up time of 51-1/2 hours .  A t  t h i s  t i m e  
i t  w a s  dec ided  t o  p lug  and abandon t h e  h o l e ,  b u t  p r i o r  t o  completion 
one a d d i t i o n a l  t empera tu re  l o g  w a s  run ,  t h i s  one a continuous t r a v e r s e  
a t  20 f e e t / m i n u t e  from 500 f e e t  t o  t o t a l  depth .  
t h e  e a r l y  hour s  of J u l y  1, g iv ing  a f i n a l  bottom-hole temperature 
( a c t u a l l y  40 f e e t  o f f  bottom), a f t e r  89 hours of shu t - in ,  of 258°F. 
Cementers w e r e  c a l l e d  i n  then t o  set p lugs  i n  p r e p a r a t i o n  f o r  abandon- 
ment. 
Th i s  w a s  f i n i s h e d  i n  
I n  t h e  c o u r s e  of d r i l l i n g  USA 1/11-36 no g a s e s  were de t ec t ed  i n  
t h e  mud system and o n l y  one demonstrable mud l o s s  occur red .  This w a s  
a t  7 , 1 3 7  f e e t ,  where a t o t a l  of 50 b b l  of mud w a s  t aken  by t h e  formation 
over a two-hour p e r i o d .  The i n i t i a l  ra te  of 60 b b l / h r  f e l l  o f f  qu ick ly  
t o  low levels.  O the r  slow losses (and sometimes g a i n s )  were suspected 
from time t o  t i m e ,  based p r i m a r i l y  on anomalous changes i n  mud p r o p e r t i e s ,  
bu t  were neve r  a d e q u a t e l y  s u b s t a n t i a t e d .  Continuous and v a r i a b l e  mud- 
volume changes caused  by (1) removal of mud by d e s i l t e r s ,  (2)  l o s s  of 
mud over s h a k e r s ,  (3) p e r i o d i c  c l e a n i n g  of mud p i t s ,  and ( 4 )  i n t e r m i t t e n t  
a d d i t i o n s  of w a t e r  t o  make up f o r  mud l o s s e s ,  made it d i f f i c u l t  t o  d e t e c t  
low-level mud losses.  
mud logge r  and t h e  d e r r i c k  hand t o  check suspec ted  l o s s e s .  
loss of 3 t o  5 b b l / h r  between 8,150 and 8,200 c o i n c i d e s  w i t h  an  anomalous 
l o w - r e s i s t i v i t y  zone i n  t h e  dua l - induct ion  l o g  and may be  real .  It i s  
p o s s i b l e  t h a t  o t h e r  losses ( o r  g a i n s )  up t o  5 b b l / h r  went unnoticed. 
Spec ia l  arrangements had t o  b e  made between t h e  
One such 
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DESCRIPTION OF LITHOLOGIES 
USA #11-36 w a s  c o l l a r e d  i n  a l l u v i u m . a p p r o x h a t e l y  2 m i l e s  from 
t h e  lowest bedrock outcrops  i n  t h e  Sonoma Range. S o f t ,  poor ly  s o r t e d ,  
tan-colored sed iments  w e r e  d r i l l e d  f o r  t h e  f i r s t  1 , 4 0 0  f e e t .  I n  t h e  
upper 100 f e e t  t h e  c lay- r ich  ma t r ix  i s  v e r y  c a l c a r e o u s .  Between 100 
and 600 feet  t h e  sediments a r e  v a r i a b l y  s i l i c i f i e d ,  w i t h  s i l i c a  typ i -  
c a l l y  forming rounded, g l a s s y  c o a t i n g s  on sand and g r a v e l  c las ts  r a t h e r  
than  d i s c r e t e  q u a r t z  c r y s t a l s .  S i l i c i f i e d  a l luv ium u s u a l l y  con ta ins  
t u b u l a r  passageways through which mine ra l i zed  w a t e r ,  presumably sub- 
s u r f a c e  ou t f low from nearby Leach Hot Spr ings ,  moved. 
Below 1 ,400  f e e t  t h e  sediments g r a d u a l l y  become b e t t e r  consol i -  
da ted .  Large i n t e r v a l s  are predominantly ca l ca reous  s i l t s t o n e ,  mudstone, 
and c l a y s t o n e ,  depos i t ed  appa ren t ly  under l a c u s t r i n e  cond i t ions .  These 
tend t o  b e  co lo red  g reen i sh  r a t h e r  than  t a n  as is  t h e  sha l low a l luv ium 
and o f t e n  they  c o n t a i n  d isseminated  p y r i t e  and embedded euhedra l  c a l c i t e  
c r y s t a l s  of  q u e s t i o n a b l e  o r i g i n .  Other i n t e r v a l s  c o n t a i n  abundant sand 
and g r a v e l  as w e l l  as fine-grained sediments.  Tuffaceous material  appears  
i n  t h e  sed iments  a t  around 3,250 f e e t ,  i n c r e a s i n g  i r r e g u l a r l y  over t h e  
nex t  150 f e e t  t o  prominent t u f f aceous  sands tone ,  s i l t s t o n e ,  and conglomer- 
a t e  beds between 3,390 and 3,450 f e e t .  Below t h i s ,  most of t h e  sandy and 
g r a v e l l y  sed iments  are tu f f aceous  i n  some degree ,  b u t  l a r g e  i n t e r v a l s  
s t i l l  c o n s i s t  mainly of g reen i sh  mudstone and c l a y s t o n e .  Between 4,300 
and 4,775 fee t ,  t h e  sediments c o n s i s t  almost e n t i r e l y  of t u f f aceous  
sediment. 
The t r a n s i t i o n  from Ter t i a ry /Qua te rna ry  v a l l e y - f i l l  sediments 
t o  o l d e r  T e r t i a r y  sediments,  l i k e  those  which c rop  o u t  i n  f a u l t  scarps 
n o r t h e a s t  and s o u t h e a s t  of Leach Hot Spr ings ,  i s  n o t  c l e a r l y  de f ined  i n  
t h e  v a l l e y  subsu r face .  There may i n  fact  be  no unconformity between t h e  
two sed-imentary sequences;  t h e  o l d  sedimentary b a s i n  w a s  n o t  n e c e s s a r i l y  
des t royed  i n  e n t i r e t y  by u p l i f t  of  t h e  Sonoma and E a s t  Ranges. 
A t  4,775 f e e t  t h e  h o l e  passed a b r u p t l y i n t o  v o l c a n i c  flow rocks .  
These are predominantly mafic l a v a s  ( b a s a l t  and /o r  a n d e s i t e )  which con- 
t a i n  phenocrys ts  of f e l d s p a r  and a mafic mine ra l  (pyroxene?).  Altera- 
t i o n  has  des t royed  much of t h e  o r i g i n a l  t e x t u r e  and conver ted  most of 
t h e  primary m i n e r a l s  t o  c h l o r i t e  and c l a y .  A t  l eas t  one flow of more 
s i l i c i c  composition ( d a c i t e  o r  rhyodac i t e )  i s  inc luded  i n  t h e  sequence. 
A b a s a l  zone between 4,980 and 5,025 f e e t  y i e l d e d  t e x t u r a l l y  heterogeneous 
v o l c a n i c  c u t t i n g s  of maf ic  composition, a long  w i t h  minor amounts of m i s -  
c e l l aneous  o t h e r  rock  fragments. 
w i t h  t h e  ear l ies t  e r u p t i o n s  of maf i c  m a g m a .  
Th i s  may b e  a r u b b l e  zone a s s o c i a t e d  
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Below 5,025 f ee t  a re  s i l i c i c  t u f f s  and tuf faceous  sediments 
of h igh ly  v a r i a b l e  c h a r a c t e r .  
d i v i s i o n  of t h e s e  r o c k s  i n t o  d i s t i n c t  s u b u n i t s .  Cu t t ings  from t h i s  
i n t e r v a l  c o n s i s t  of n e a r l y  random p r o p o r t i o n s  of s i l i c i c  t u f f  fragments 
( v a r i a b l e  t e x t u r e ,  c o l o r ,  and composi t ion) ,  l i t h i c  fragments (mostly 
c h e r t  and/or c r y p t o c r y s t a l l i n e  r h y o l i t e ) ,  and c l a y s t o n e  and mudstone 
v i r t u a l l y  i d e n t i c a l  t o  t h a t  which makes up much of t h e  s e c t i o n  above 
t h e  v o l c a n i c  f low rocks .  Much of t h e  c l a y s t o n e  and mudstone w a s  i n i -  
t i a l l y  i n t e r p r e t e d  as s lough,  but i t s  p e r s i s t e n c e  i n  l a r g e  q u a n t i t i e s  
(up t o  60% of some samples) over several hundred f e e t  c o n t r a d i c t e d  t h i s  
assumption. E lec t r i ca l  l o g s  i n d i c a t e  abundant c l ay - r i ch  material be- 
tween 5,200 and 5,320 f e e t .  
environment p e r s i s t e d  throughout t h e  pe r iod  of depos i t i on  of t h e  T e r t i a r y  
v o l c a n i c  and sed imentary  rocks .  V a r i a b l e  supply  of coarse-grained 
d e t r i t u s  (much o f  i t  p o s s i b l y  s u b a e r i a l  f a l l - o u t  from v o l c a n i c  e r u p t i o n s )  
appa ren t ly  w a s  t h e  main de te rminant  o f  rock  c h a r a c t e r .  The vo lcan ic  
f lows  may have accumulated underwater,  which could exp la in  t h e i r  pe rvas ive  
c h l o r i t e / c l a y  a l t e r a t i o n .  
Sampling r e s o l u t i o n  w a s  inadequate  f o r  
Evident ly  a s t a b l e  l a c u s t r i n e  sedimentary 
White c r y p t o c r y s t a l l i n e  r h y o l i t i c  rocks  w e r e  encountered a t  
5,330 f e e t .  
s t a i n e d  t o  a d e p t h  of n e a r l y  100 f e e t .  
c r y s t a l s  and a s i m i l a r l y  t e x t u r e d  ye l low v i t r e o u s  mine ra l  ( g o e t h i t e ? )  
l i n e  many s m a l l  cavities produced by weather ing .  
da rk  red-brown c l a y - r i c h  material ( a s  much as 1 0  percent  of some samples) 
is  p r e s e n t  w i t h i n  t h e  weathered r h y o l i t i c  rock ,  poss ib ly  c rack  f i l l i n g  
o r  h i g h l y  o x i d i z e d  gouge i n  s m a l l  s h e a r  p l anes .  A t  about  5,420 fee t  
t h e  amount of i r o n  s t a i n i n g  decreases s i g n i f i c a n t l y ,  bu t  some o x i d a t i o n  
e f f e c t s  are  noted  throughout t h e  u n i t .  
i n  t h e  upper p a r t  of t h e  u n i t ,  l e n g t h y  s u r f a c e  exposure must b e  p o s t u l a t e d  
p r i o r  t o  b u r i a l  by t h e  tu f f aceous  sed iments .  P e t r o l o g i c  s i m i l a r i t y  be- 
tween t h e  r h y o l i t i c  rocks  and nearby o u t c r o p s  of t h e  Koipato format ion  
sugges t s  t h a t  t h e  i n t e r f a c e  i s  a major unconformity s e p a r a t i n g  t h e  T e r t i a r y  
and Triassic Pe r iods .  
The upper p o r t i o n  of t h i s  u n i t  i s  weathered and i ron-  
Red-brown f ine-gra ined  hemat i t e  
Minor amounts of v e r y  
Because of t h e  i n t e n s e  w e a t h e r i n g  
The r h y o l i t i c  u n i t  i s  n o t  un i form from top  t o  bottom. Some 
i n t e r v a l s  are c h a r a c t e r i z e d  by v a r i a b l e  c o l o r s  and t e x t u r e s  which sugges t  
a sedimentary o r i g i n .  
samples, and a l though  t h e s e  could b e  i n  p a r t  sloughed from ove r ly ing  
sedimentary strata,  some may b e  d e r i v e 3  from l i t h i c  t u f f s  w i t h i n  t h e  
r h y o l i t i c  u n i t .  Other  i n t e r v a l s  are i n t e r n a l l y  homogeneous and c o n t a i n  
s p a r s e  a l t e r e d  phenoc rys t s  of m i c a  and f e l d s p a r .  They may i n  p a r t  b e  
r h y o l i t i c  porphyry i n t r u s i o n s  ( recognized  elsewhere w i t h i n  t h e  Koipato 
fo rma t ion ) ,  b u t  some f ragments  a r e  banded, sugges t ing  an  e x t r u s i v e  o r i g i n  
No maf i c  m i n e r a l s  of any kind are p r e s e n t l y  d e t e c t a b l e ,  a l though t h e  
s e r i c i t i z e d  m i c a  phenoc rys t s  may have been o r i g i n a l l y  b i o t i t e .  
i s  d isseminated  i n  trace amounts. 
Fragments of o t h e r  l i t h o l o g i e s  are p r e s e n t  i n  t h e  
P y r i t e  
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Beginning a t  5 ,690  f e e t ,  t h e  rock shows s u b t l e  s i g n s  of a l t e r a -  
t i o n  t o  a c r y p t o - c r y s t a l l i n e  t o  m i c r o c r y s t a l l i n e  p a l e  brown material 
w i th  a g reasy  l u s t e r ,  a c h a r a c t e r i s t i c  which cont inues  wi th  i n c r e a s i n g  
i n t e n s i t y  t o  t h e  b a s a l  c o n t a c t  w i th  g r a n i t e  a t  5 ,720 f e e t .  The most 
i n t e n s e l y  r e c r y s t a l l i z e d  m a t e r i a l  resembles p e a r l y  s e r i c i t e .  Most 
l i k e l y ,  t h e  a l t e r a t i o n  is due t o  c o n t a c t  metamorphism by t h e  i n t r u d i n g  
g r a n i t e  magma. 
The g r a n i t e ,  a ve ry  l ight-colored f ine-gra ined  rock c o n s i s t i n g  
almost  e n t i r e l y  of f e l d s p a r  ( p a r t l y  k a o l i n i z e d ) ,  qua r t z ,  and m i c a  (va r i -  
ous shades of green and brown), p e r s i s t e d  only  t o  5,850 f e e t ,  g iv ing  
way t o  a l t e r e d  vo lcan ic  rocks  across a c o n t a c t  of unce r t a in  n a t u r e .  
The v o l c a n i c  rocks  below t h e  g r a n i t e  show wide v a r i a b i l i t y  i n  t h e i r  
degree  of r e c r y s t a l l i z a t i o n ,  ranging from n e a r l y  f r e s h  b a s a l t  o r  a n d e s i t e  
t o  completely r e c r y s t a l l i z e d  b io t i te -hornblende-epidote-ca lc i te  rock.  
I n t e r s p e r s e d  w i t h  t h e s e  fragments- a re  abundant microgranular  quar tz -  
f e ldspa r -b io t i t e -muscov i t e -ch lo r i t e  aggrega te s  (minera l  p ropor t ions  
v a r i a b l e )  and occas iona l  ser ic i te .  This  mater ia l  does not  appear  t o  
occur  i n  d i s c r e t e  d i k e s ,  b u t  as an  a l t e r a t i o n  of t h e  vo lcan ic  rocks .  
Some fragments  are obvious ly  sheared ,  bu t  major f a u l t i n g  probably has  
n o t  taken  p l a c e .  
Within a f e w  t e n s  of f e e t  of t h e  g r a n i t e  c o n t a c t ,  r e l i c t  v o l c a n i c  
t e x t u r e s  d i e  o u t  completely.  For t h e  ensuing 1,300 f e e t  t h e  rocks  con- 
sist e n t i r e l y  of heterogeneous aggrega tes  of about  f i v e  major mine ra l s  
and as many accesso ry  mine ra l s  i n  widely va ry ing  p ropor t ions .  The major 
mine ra l s  are i d e n t i c a l  t o  those  a s s o c i a t e d  w i t h  a l t e r a t i o n s  i n  t h e  
c o n t a c t  zone,  namely q u a r t z ,  f e l d s p a r ,  b i o t i t e ,  c h l o r i t e ,  and muscovi te .  
Accessory m i n e r a l s  are tourmal ine ,  e p i d o t e ,  magnet i te ,  p y r i t e ,  and pos- 
s i b l y  one or more z e o l i t e  minera ls .  K a o l i n i t e  i s  a widesp read  younger(?)  
a l t e r a t i o n  mine ra l .  Textures  are extremely e r r a t i c  i n  most samples ,  
u s u a l l y  massive t o  sp lo t chy  or s t r e a k y ,  o c c a s i o n a l l y  s c h i s t o s e .  Grain 
s i z e  i s v e r y  f i n e  on t h e  average ,  b u t  a l s o  varies widely.  Of ten  wide 
t e x t u r a l  v a r i a t i o n s  are p r e s e n t  w i t h i n  i n d i v i d u a l  c u t t i n g s ,  sometimes 
w i t h  a sha rp  i n t e r f a c e ,  b u t  j u s t  as o f t e n  w i t h  a g r a d a t i o n a l  one.  Min- 
eral  p r o p o r t i o n s  f l u c t u a t e  t o  extremes as w e l l .  
Quartz i s  t h e  most abundant mine ra l  o v e r a l l  and a l s o  d i s p l a y s  
t h e  g r e a t e s t  range  of t e x t u r e s .  Some c u t t i n g s  fragments c o n s i s t  of 
a lmost  pu re  g r a n o b l a s t i c  q u a r t z ,  a l t hough  most o f t e n  qua r t z  is i n t e r -  
grown w i t h  c r y s t a l s  of t h e  o t h e r  major mine ra l s .  Large c r y s t a l s  of 
q u a r t z  o f t e n  a r e  embedded w i t h i n  o the rwise  v e r y  f ine-gra ined  aggrega te s  
of  o t h e r  mine ra l s .  I n  some cases t h e  coarse-grained qua r t z  forms d i s -  
c r e t e  v e i n s  w i t h i n  t h e  rock .  Tourmaline i s  commonly intergrown wi th  
v e i n  q u a r t z  i n  some i n t e r v a l s ,  as are coarse-gra ined  muscovite and f e l d -  
s p a r  i n  o t h e r s .  Drusy q u a r t z  a l s o  l i n e s  s p a r s e  cavi t ies  throughout t h i s  
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u n i t .  These v a r i e d  modes of occur rence  of q u a r t z ,  so d i f f e r e n t  from 
those  of o t h e r  m i n e r a l s ,  g ive  t h e  d i s t i n c t  impression t h a t  most of t h e  
s i l i c a  h a s  been in t roduced  i n t o  t h e  rock  from o u t s i d e .  The unusual 
a s s o c i a t i o n  w i t h  maf ic  v o l c a n i c  rocks  i n  t h e  i n t e r v a l  immediately below 
t h e  g r a n i t e  c o n t a c t  sugges t s  t h i s  a l s o .  
Superimposed upon t h i s  formidable  shor t - range  he te rogene i ty ,  
These are noted p r i m a r i l y  i n  t h e  o v e r a l l  pe rcen tage  of t h e  
t h e r e  are long-range compositional v a r i a t i o n s  t h a t  span  t e n s  t o  hundreds 
of f e e t .  
dark-colored minerals, c h l o r i t e  and b i o t i t e .  Other changes may be 
involved as w e l l ,  b u t  are no t  as e a s i l y  d i s c e r n a b l e  i n  t h e  midst of 
so much random h e t e r o g e n e i t y .  The broad composi t iona l  v a r i a t i o n s  may 
be  r e l a t e d  t o  d i f f e r e n c e s  i n  p a r e n t  material, b u t  because t h e r e  appar- 
e n t l y  h a s  been widespread chemical r e d i s t r i b u t i o n ,  t h e  v a r i a t i o n s  c o u l d .  
w e l l  be  caused  by secondary p rocesses  a s  w e l l .  
Occas iona l  s t r a y  fragments of maf ic  v o l c a n i c  r o c k s  a r e  seen  i n  
samples of t h i s  h i g h l y  r e c r y s t a l l i z e d  material. The q u a n t i t i e s  g e n e r a l l y  
are so  i n s i g n i f i c a n t  t h a t  they  are  e a s i l y  expla ined  as s lough from 
h ighe r  i n  t h e  h o l e .  However, beginning  a t  7,180 f e e t  a s u b s t a n t i a l  
p o r t i o n  of many samples is  made up o f  r ecogn izab le  maf i c  vo lcan ic  f rag-  
ments obv ious ly  i n  p lace .  These rucks  have c l e a r l y  undergone a l t e r a t i o n  
by (1) instense l each ing  of Fe and Mg (b leach ing) ,  (2) r e c r y s t a l l i z a t i o n  
t o  f i ne -g ra ined  c h l o r i t e ,  muscov i t e , f e ldspa r ,  e p i d o t e ,  and p o s s i b l y  
z e o l i t e ,  (3) impregnation wi th  s i l i c a ,  and ( 4 )  growth of tourmaline.  
I n  o t h e r  words, t h e  a l t e r a t i o n  i s  t o  mater ia l  v e r y  s i m i l a r  t o  t h a t  
d r i l l e d  i n  t h e  preceding  1,300 f e e t  of ho le .  Much of t h i s  material 
h a s  been k a o l i n i z e d ,  as above. 
The s e c t i o n  between 7,180 and 7,300 feet  is m a d e  u p  of w i d e l y  
Most of va ry ing  p o r p o r t i o n s  of a l t e r e d  and u n a l t e r e d  v o l c a n i c  rocks.  
t h e  v o l c a n i c  r o c k s  are maf ic  i n  composition, bu t  a whi te ,  banded, crypto- 
c r y s t a l l i n e  t u f f  of s i l i c i c  composition makes up as much as 40% of 
samples between 7,260 and 7,290 f e e t .  Toward t h e  bottom of t h i s  i n t e r v a l ,  
a l t e r a t i o n  becomes p rogres s ive ly  se r ic i t ic  i n  c h a r a c t e r .  Many fragments 
near  t h e  b a s a l  c o n t a c t  c o n s i s t  e n t i r e l y  of extremely f ine -g ra ined ,  occa- 
s i o n a l l y  s c h i s t o s e  aggrega te s  of muscovi te  and c h l o r i t e .  
From 7,310 t o  7,395 f e e t ,  d r i l l i n g  w a s  w i t h i n  f r e s h  d i abase .  
This  w a s  t o  b e  t h e  f i r s t  of a series of f i v e  s i m i l a r  maf i c  i n t r u s i o n s  
of va ry ing  t h i c k n e s s  which were p e n e t r a t e d  w i t h i n  1 ,000  f e e t .  The t e r m  
d i abase  is  used f o r  t h e s e  rocks  throughout  t h e  l o g s  f o r  t h e  sake  of 
s i m p l i c i t y ,  b u t  d i a b a s i c  t e x t u r e  i s  n o t  always w e l l  developed. The 
margins of t h e  i n t r u s i o n s  a r e  a p h a n i t i c ,  and g r a i n  s i z e  i n c r e a s e s  symmet- 
r i c a l l y  inward t o  f i n e -  t o  coarse-grained co res ,  depending on t h e  th ick-  
nes s  of t h e  i n t r u s i o n .  P l a g i o c l a s e  f e l d s p a r  ( l a b r a d o r i t e )  and b l a c k  
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pyroxene make up t h e  bulk  of t h e  rock.  Magnet i te  i s  very  abundant 
a l s o .  The o n l y  o t h e r  d i s t i n g u i s h a b l e  phase is  a subhedra l  reddish  
brown accesso ry  mine ra l ,  p o s s i b l y  r u t i l e .  Large phenocrysts  of 
p l a g i o c l a s e  (up t o  5 mm) are p r e s e n t  i n  some of t h e  i n t r u s i o n s .  These 
t y p i c a l l y  c o n t a i n  f i n e ,  e longa te ,  b l a c k  i n c l u s i o n s  o r i e n t e d  p a r a l l e l  
t o  t h e  c r y s t a l  f a c e s .  Loca l ly ,  t h e  d i a b a s e  i s  f r a c t u r e d ,  and s o f t  
f ine-grained g r e e n i s h  t o  b l ack  material, poss ib ly  s e r p e n t i n e ,  is devel- 
oped w i t h i n  t h e  f r a c t u r e  p l anes .  Although t h i s  material o f t e n  i s  
s l i c k e n s i d e d ,  t h e r e  does n o t  appear  t o  have been any major f a u l t i n g  
involved. 
The lower boundary of t h e  f i r s t  d i abase  i n t r u s i o n  may have been 
i n t e r s e c t e d  a t  a low ang le  by t h e  borehole .  Ten pe rcen t  of t h e  sample 
a t  7,380 f e e t  c o n s i s t s  of coarse-grained qua r t z - f e ldspa r  rock. Gradually 
over t h e  n e x t  40 f e e t  t h e  qua r t z - f e ldspa r  f r a c t i o n  i n c r e a s e s  t o  95%. 
B i o t i t e  makes a f i r s t  appearance a t  7,420 f e e t .  Magnet i te  a l s o  appears  
i n  t i n y  i n t e r s t i t i a l  g r a i n s .  These f o u r  mine ra l s  ( q u a r t z ,  f e l d s p a r ,  
b i o t i t e ,  and magne t i t e )  c o n s t i t u t e  t h e  primary mine ra l  assemblage of 
a g r a n i t i c  body which w a s  d r i l l e d  to a depth of about 8,000 f e e t .  
Secondary m i n e r a l s ,  i nc lud ing  muscovi te ,  ep ido te ,  c h l o r i t e ,  k a o l i n i t e ,  
p y r i t e ,  ca lc i te ,  and p o s s i b l y  z e o l i t e ,  a r e  widespread. C h l o r i t e ,  ep ido te ,  
and p y r i t e  a l l  are s p a t i a l l y  a s s o c i a t e d  wi th  b i o t i t e ,  and presumably 
formed by r e a c t i o n  w i t h  i t .  The o t h e r  mine ra l s  appear  t o  have r e c r y s t a l -  
l i z e d  from pr imary  f e l d s p a r .  Tourmaline i s  l o c a l l y  p r e s e n t  a l s o ,  bu t  
always i s  in t e rg rown  wi th  coarse-gra ined ,  s l i g h t l y  milky q u a r t z ,  probably 
i n  l a t e - s t a g e  v e i n s .  
The g r a n i t i c  t e x t u r e  i s  o f t e n  i n d i s t i n c t  because of t h e  pervas ive  
a l t e r a t i o n .  Usua l ly  i t  has  a " sha t t e red"  or microbrecc ia ted  appearance,  
which may b e  caused by coo l ing  stresses or t o  i n c i p i e n t  a l t e r a t i o n  along 
c leavage  cracks. A l t e r a t i o n  t o  secondary mine ra l s  occurs  throughout t h e  
g r a n i t e ,  b u t  i t  is never  s o  i n t e n s e  t h a t  i t  completely consumes t h e  
pr imary.-minerals .  It appears  t o  h a v e r e s u l t e d  from t h e  a c t i o n  of l a t e -  
s t a g e  d e u t e r i c  f l u i d s  r a t h e r  than  by p o s t  magmatic metamorphic o r  hydro- 
thermal p r o c e s s e s .  The presence  of  tourmal ine-bear ing  q u a r t z  v e i n s  w i t h i n  
t h e  g r a n i t e  p rov ides  evidence f o r  t h e  e x i s t e n c e  of l a t e - s t a g e  v o l a t i l e -  
r i c h  f l u i d s .  
The g r a n i t e  i s  in t ruded  by d i a b a s e  ( t h e  l a r g e s t  of t h e  f i v e  
d iabase  bod ies )  between 7,525 and 7,685 f e e t  (depths  from d e n s i t y  and 
gamma-ray l o g s  which are o f f s e t  about  10  f e e t  from t h e  l i t h o l o g i c  l o g s ) .  
A t  8,000 f e e t  t h e r e  i s  a conspicuous i n c r e a s e  i n  t h e  b i o t i t e  conten t  
of t h e  g r a n i t e ,  accompanied by inc reased  muscovi te  a l t e r a t i o n  of f e l d s p a r  
g r a i n s .  
d r a m a t i c a l l y ,  b u t  t h i s  p rogres s ion  i s  over taken  and masked by i n c r e a s i n g l y  
i n t e n s e  a l t e r a t i o n  similar t o  t h a t  i n  v o l c a n i c  rocks  above t h e  f i r s t  
Over t h e  n e x t  40 f e e t  b i o t i t e  a t  f i r s t  con t inues  t o  i n c r e a s e  
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d iabase  d ike .  The end r e s u l t  ( t y p i f i e d  by t h e  sample a t  8,030 f e e t )  i s  
a heterogeneous,  v a r i a b l y  t ex tu red ,  s t r e a k y ,  crumbly, micaceous f ine -  
gra ined  rock  w i t h  abundant qua r t z  ( p l u s  tourmaline,  p l u s  f e l d s p a r )  
s t r e a k s  and/or  v e i n s ,  and no r e l i c t  t e x t u r e .  
The a l t e r e d  rock  i s  in t ruded  a t  8,050 f e e t  (depth from t h e  l o g s )  
by a t h i r d  d i a b a s e  d i k e ,  t h i s  one only  about 60 f e e t  t h i c k .  Once aga in ,  
t h e  upper c o n t a c t  i s  a b r u p t ,  whi le  t h e  lower t r a n s i t i o n  spans about 40 
f e e t  of dep th ,  i n d i c a t i n g  poss ib ly  a n e a r - v e r t i c a l  o r i e n t a t i o n .  Rocks 
immediately below t h e  c o n t a c t  are v i r t u a l l y  i d e n t i c a l  t o  those  immediately 
above, bu t  a t  8 ,120  f e e t  coa r se ,  d i saggrega ted  b i o t i t e  f l a k e s  a r e  p r e s e n t  
i n  t h e  sample. With depth ,  t h e  amount of b i o t i t e  i n c r e a s e s  g radua l ly ,  
and an a s s o c i a t i o n  w i t h  g reen i sh  b l a c k  hornblende becomes c1ear;while 
t h e  amount of f ine -g ra ined  micaceous a l t e r a t i o n  and q u a r t z  ve in ing  f l u c -  
t u a t e s .  
A f o u r t h  d i a b a s e  d i k e  between 8,150 and 8,170 f e e t  is  sha rp ly  
de f ined  i n  t h e  gamma-ray l o g ,  bu t  samples i n  t h i s  r eg ion  conta ined  only  
30% diabase .  This i n t r u s i o n  c o i n c i d e s  w i t h  a country-rock t r a n s i t i o n  
from h igh ly  a l t e r e d  material desc r ibed  above t o  a r e l a t i v e l y  homogeneous 
and u n a l t e r e d  b i o t i t e  amphibol i te  con ta in ing  both  b l a c k  hornblende and 
green  a c t i n o l i t e  as major amphibole phases ,  minor i n t e r s t i t i a l  f e l d s p a r ,  
t race ca lc i te ,  and minor c h l o r i t i c  a l t e r a t i o n .  
A t h i n  d i a b a s e  d i k e  w a s  p e n e t r a t e d  a t  around 8,250 f e e t ,  b u t  
i t s  exact dep th  is n o t  w e l l  r e so lved  by e i t h e r  t h e  l i t h o l o g i c  log o r  
t h e  down-hole geophys ica l  l o g s .  It i s  followed by one more h i g h l y  
a l t e r e d  i n t e r v a l  of about  1 0  f e e t .  Below t h i s ,  b i o t i t e  amphibol i te  
resumes, b u t  t h e  primary amphibole from t h i s  p o i n t  on i s  a c t i n o l i t e .  
The bottom 300 f e e t  of rock  p e n e t r a t e d  s e e m s  t o  be composi t iona l ly  
homogeneous, b u t  t h e  degree  of r e c r y s t a l l i z a t i o n  v a r i e s .  Well r e c r y s t a l -  
l i z e d  f a c i e s  are deep gray-green and have a well-defined t e x t u r e  i n  
which i n d i v i d u a l  b laded  c r y s t a l s  o f  a c t i n o l i t e  a re  e a s i l y  d i s t i n g u i s h a b l e .  
A t  t h e  o t h e r  extreme, d i s t i n g u i s h a b l e  b i o t i t e  c r y s t a l s  are sepa ra t ed  by 
b l ack  a p h a n i t i c  m a t e r i a l  which appea r s ,  from o c c a s i o n a l  i n d i s t i n c t  
c leavage  r e f l e c t i o n s ,  t o  b e  proto-amphibole. This material u s u a l l y  
con ta ins  much magne t i t e .  A l l  g r a d a t i o n s  between t h e s e  extremes are  
p r e s e n t ,  o f t e n  w i t h i n  i n d i v i d u a l  samples. Traces of waxy t a l c - l i k e  
sheared  material are  p r e s e n t  in n e a r l y  a l l  of t h e  samples,  becoming 
more abundant i n  t h e  bottom 100 f e e t .  L ight -greenish  c l a y  a l t e r a t i o n  
i s  s i m i l a r l y  d i s t r i b u t e d .  
F igu re  5 is  a h y p o t h e t i c a l  c r o s s - s e c t i o n  through USA / I l l -36  
showing p o s s i b l e  r e l a t i o n s  i n  t h e  s u b s u r f a c e  of t h e  v a r i o u s  l i t h o l o g i c  
u n i t s .  The l i n e  of t h e  s e c t i o n  l i n e  is  shown i n  f i g u r e  1. 
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THERMAL REGIME 
Temperature d a t a  f o r  USA a l l - 3 6  a re  d isp layed  i n  f i g u r e  3 
and p l a t e  1. These i n c l u d e  mud tempera tures ,  bottom-hole temperatures 
measured w i t h  maximum-reading thermometers (MRTs) dur ing  d i r e c t i o n a l  
surveys ,  and t h r e e  Kuster tempera ture  surveys  taken a t  t o t a l  depth ,  t h e  
l a s t  of which w a s  a cont inuous  t r a v e r s e  a t  20 f ee t /minu te  from 500 f e e t .  
The h i g h e s t  recorded  tempera ture  w a s  258°F a t  t h e  end of t h e  t h i r d  
temperature survey ,  40 f e e t  o f f  bottom, 89 hours a f t e r  las t  c i r c u l a t i o n  
of d r i l l i n g  mud. An equ i l ib r ium t e m p e r a t u r e  p r o f i l e  was not  obtained 
p r i o r  t o  abandomment. 
Mud tempera tures  inc reased  r a t h e r  s t e a d i l y  f o r  t h e  f i r s t  5 ,000 
fee t .  A t  5,150 f e e t  t h e  mud c h i l l e r  w a s  a c t i v a t e d ,  which caused an 
immediate 20°F drop  i n  t h e  f low- l ine  tempera ture  (and a wider s e p a r a t i o n  
between t h e  "in" and "out" tempera tures) .  Because of v a r i a b l e  coo l ing  
e f f i c i e n c y ,  mud tempera tures  f l u c t u a t e d  much more widely w i t h  t h e  mud 
c h i l l e r  i n  o p e r a t i o n .  However, on t h e  average  mud tempera tures  continued 
t o  i n c r e a s e  t o  t o t a l  depth .  The h i g h e s t  recorded mud temperature w a s  
167"F, recorded  a t  8,270 f e e t  w i t h  t h e  coo le r  o f f  f o r  n e a r l y  24 hours  
beforehand. The f i n a l  f low- l ine  tempera ture  a t  t o t a l  depth  (wi th  t h e  
c h i l l e r  on> w a s  143°F. 
Bottom-hole MRT read ings  i n c r e a s e d  wi th  depth  a t  a s u b s t a n t i a l l y  
g r e a t e r  ra te  than  t h e  flowing mud tempera ture .  A similar e f f e c t  has  been 
noted i n  o t h e r  w e l l s ,  even some which were e s s e n t i a l l y  i so the rma l  over 
l a r g e  i n t e r v a l s .  It may b e  due t o  bo th  (I) i n c r e a s i n g  d iscrepancy  wi th  
depth  between t h e  bottom-hole and s u r f a c e  flowing mud tempera tures ,  
caused by t h e  longe r  round- t r ip  c i r c u l a t i o n  time, and (2)  p r e s s u r e  e f f e c t s  
on maximum-reading thermometers which i n c r e a s e  wi th  depth .  I n  USA Pl l -36  
t h e  bottom-hole MRT tempera tures  p r o j e c t  t o  tempera tures  a t  t o t a l  depth  
which are h i g h e r  than  those  measured on t h e  f i r s t  Kuster survey conducted 
7 hours a f t e r  l a s t  c i r c u l a t i o n .  Because several hours  of c i r c u l a t i o n  on 
bottom preceded t h e  tempera ture  logg ing  (compared t o  about 1 0  minutes 
prior t o  d i r e c t i o n a l  s u r v e y s ) ,  t h e  presumed p r e s s u r e  e f f e c t  is  deba tab le .  
A t empera tu re  build-up cu rve  on bottom i s  p l o t t e d  ( f i g u r e  4 )  
u s i n g  t h e  bottom-hole tempera tures  from t h e  f i r s t  two tempera ture  l o g s ,  
t h e  p r o j e c t e d  bottom-hole tempera ture  from t h e  t h i r d  (cont inuous)  l o g ,  
and t h e  236'F maximum tempera ture  r e a d  from t h e  in s t rumen t s  which had 
been a c c i d e n t a l l y  dropped and la te r  recovered  from t h e  bottom of t h e  
h o l e  (between tempera ture  l o g s  81  and U2). Because of complexity of 
t h e  hole-condi t ion ing  procedures  a f t e r  t o t a l  dep th  w a s  reached ,  a proper 
Horner p l o t  cannot b e  made. However, a r easonab le  Horner-type ex t r apo la -  
t i o n  can b e  made by assuming t h a t  t h e  5-112 hours of c i r c u l a t i o n  and 
- 12  - 
-.._
 





- L E !- rr) W az 3 c3 LL - 









m 0 ‘D 















































2 7 0 
2 G O  
2 5C 
2 4 (  





269°F projected / 
equi I ilir i u m  tempera- 






















A t '  I t, + A t '  
a) cn C r- 
4 
I 
I 0 0 0 
J 
I I 1 I I 
I I I 1 1 I I 1 1 
0 10 2 0 30 4 0  50 60 70 80 9 0 
A t  (hours)  
FI( ; I I I<E 4 .  Bot tom-liole temperature build-up curve (dashed l i n e )  and Ilorner p l o t  ( s o l i d  l i n e )  
f o r  USA 1/11-36 ( A t '  = A t  + 5-1/2 h o u r s ;  tc  = 5-1/2 hours) I, 
sw 
GRASS V A L L E Y  
S U R F A C E  THERM,AL A N O M A L Y  
4 
NE 
SONOMA R A N G E  
Ix,."J Amphibo l i te  
B a s a l t  (Pumpern icke l  Fm ) 
I M I L E  
I I D i a b a s e  dikes 
- 5,000 
Sea 
















- - 10,000 
FIGURE 5.  H y p o t h e t i c a l  c r o s s - s e c t i o n  t h r o u g h  U S A  No. 11-36. 
L i n e  o f  s e c t i o n  s h o w n  i n  f i g u r e  I .  
901 MENDOCINO AVE. 
GeothermEx, InC. BERKELEY,CA. 94707 - 
(41 5) 527-9876 
5-1/2 hours  of t r i p  time o c c u r r e d s e q u e n t i a l l y  p r i o r  t o  logging .  Thus 
A t '  ( t o t a l  shu t - in  t i m e )  = A t  ( t ime s i n c e  l a s t  c i r c u l a t i o n )  + 5-1/2 
hour s ,  and tC ( c i r c u l a t i o n  time a t  t o t a l  depth)  = 5-1/2 hours.  
t h e  s imula t ed  Horner p l o t  is  drawn u s i n g  t h e s e  parameters  ( f i g u r e  4 ) ,  
a bottom-hole equ i l ib r ium temperature c l o s e  t o  270°F i s  obta ined .  This 
va lue  i s  probably  a c c u r a t e  t o  +Sol?. 
abor ted  tempera ture  l o g  between runs  #I and #2  is  s e v e r a l  degrees  lower 
than  t h e  s t r a i g h t  l i n e  through t h e  o t h e r  v a l u e s ,  p o s s i b l y  i n d i c a t i n g  
t h a t  t h e  in s t rumen t s  d i d  n o t  f a l l  a l l  t h e  way t o  bottom. 
When 
The maximum temperature on t h e  
The e x t r a p o l a t e d  270°F equ i l ib r ium tempera ture  i s  s i g n i f i c a n t l y  
lower than  t h e  geochemically i n f e r r e d  minimum r e s e r v o i r  temperature 
for t h e  Leach Hot Spr ings  water, and indeed i s  only  75" h ighe r  than t h e  
s u r f a c e  o r i f i c e  tempera ture .  C l e a r l y ,  t h e  w e l l  missed i t s  o b j e c t i v e  
of i n t e r c e p t i n g  t h e  main c i r c u l a t i o n  system f o r  t h e  Spr ings .  Unfor- 
t u n a t e l y ,  owing t o  t h e  l a c k  of an e q u i l i b r i u m  tempera ture  p r o f i l e ,  i t  
i s  imposs ib l e  t o  de te rmine  on t h e  b a s i s  of tempera ture  l o g s  whether t h e  
w e l l  e n t e r e d  any convec t ive  system. Other evidence is  equivoca l .  
Recent hydrothermal a l t e r a t i o n  i s  d i f f i c u l t  t o  d i s t i n g u i s h  from t h e  
chemical and m i n e r a l o g i c a l  h e t e r o g e n e i t y  which c h a r a c t e r i z e s  much of 
t h e  bedrock. Traces of d rusy  q u a r t z  are p r e s e n t  throughout t h e  h o l e ,  
even t o  some e x t e n t  w i t h i n  t h e  Cenozoic sed iments ,  b u t  i t s  age ( s )  and 
p o s s i b l e  r e l a t i o n s  t o  t h e  p r e s e n t  thermal  regime are c o n j e c t u r a l .  N o  
s t r o n g  ev idence  o f  l a r g e - s c a l e  Cenozoic f a u l t i n g  w a s  observed. Ci rcu la-  
t i o n  l o s s e s  d u r i n g  d r i l l i n g  w e r e  minor. 
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Appendix A 




I n t e r v a l  , 
Fee t  
60- 90 SAND & GRAVEL, v a r i c o l o r e d  c las ts ,  angular  t o  round, pre- 
dominately of s i l i c i c  metasediments and g r a n i t e ,  i n  t a n  
co lo red  f ine-gra ined ,  ve ry  c a l c i t i c  ma t r ix ,  trace v i t r i c  
q u a r t z  cement and f r a c t u r e  f i l l i n g  wi th  round s u r f a c e s .  
90- 120 a la ;  ca l ca reous  cement has  " tubes,"  vugs l i n e d  wi th  s p a r r y  









a/a; some clasts  v e r y  l i g h t  gray f ine-grained s i l i c i f i e d  
t u f f  
a /a ;  s i l t y  matrix n o t  ca l ca reous ;  no v i s i b l e  qua r t z  cement, 
on ly  occas iona l  t h i n  vug l i n i n g ;  trace r h y o l i t e  t u f f  c las ts  
SAND & GRAVEL; v a r i c o l o r e d  angular  t o  subrounded c las ts  
predominately of s i l i c i f i e d  metasediments and g r a n i t e  i n  tan- 
c o l o r e d  s i l t y  c l a y  non-calcareous matrix 
a/a 
a/a 
a/a; matrix s i l i c i f i e d  w i t h  g l a s s y  silica 
f a c e s ,  even w i t h i n  vugs)  
(no c r y s t a l ,  
a la ;  matrix s i l i c i f i e d ;  some vugs f i l l e d  wi th  ca l c i t e  
a/a; 60% sandy SILTSTONE "matr ix ,"  l i g h t  brown, s i l i c i f i e d  
i n  p a r t  w i t h  common "tube" s t r u c t u r e ;  some vugs lined w i t h  
d a r k  brown v i t r e o u s  mineral, o t h e r s  w i th  ca lc i te ;  40% SAND 
& GRAVEL 
325- 360 ala 
360- 390 a/a; occas iona l  vugs and tubes  i n  s i l t y  matrix w i t h  w h i t i s h  
r e a c t i o n  rim; some l i g h t  g rey  r h y o l i t e  t u f f  f ragments  
390- 420 Sandy, muddy SILT, l i g h t  brown, subrounded t o  round c l a s t s  
of s i l i c i f i e d  metasediments ,  t u f f s ;  p a r t l y  s i l i c i f i e d ;  common 
t u b e s t r u c t u r e  w i t h  a s s o c i a t e d  w h i t i s h  a l t e r a t i o n  of h o s t ;  
o c c a s i o n a l  chalcedony v e i n s  
420- 450 a/a; decrease  s i l i c i f i c a t i o n ;  trace o p a l i t i z a t i o n  of c lay-  
r i c h  matrix 
A-1 
. . . . . . . . . - . . . 
450- 480 a /a ;  dec rease  s i l i c i f i c a t i o n ;  t r a c e  o p a l i t i z a t i o n  of c lay-  
r i c h  ma t r ix ;  sample c o n t a i n s  only 10% sand and g r a v e l  c l a s t s  
480- 510 a/a 
510- 540 a/a'; minor s i l i c i f i c a t i o n ,  common tube s t r u c t u r e  
540- 570 SAND & GRAVEL, l i g h t  brown non-calcareous s i l t y  c l a y  ma t r ix ,  
a n g u l a r  t o  subrounded clasts of s i l i c i f i e d  metasediments;  












a/a;  407: clasts, 60% l i g h t  brown "matrix," no s i l i c i f i c a t i o n  
a/a;  Note: poorly washed sample. 
a ja ;  no s i l i c i f i c a t i o n  
SAND & GRAVEL, l i g h t  brown non-calcareous s i l t y  c l a y  ma t r ix ,  
subrounded t o  round clasts of s i l i c i f i e d  metasediments;  
p o o r l y  consol ida ted  
a/a 
a/a; dec rease  c l a y  con ten t  of matrix;  v e r y  poor ly  conso l ida t ed  
a/a; v e r y  poor ly  conso l ida t ed  
a/a; v e r y  poorly conso l ida t ed  
a /a ;  v e r y  poorly conso l ida t ed  
a/a;  v e r y  poor ly  conso l ida t ed  
no sample 
900- 930 a/a; v e r y  poor ly  conso l ida t ed  
930- 960 sandy, g r a v e l l y  SILT, l i g h t  brown, ca l ca reous ,  v e r y  poor ly  
conso l ida t ed  
960- 990 SAND & GRAVEL, l i g h t  brown non-calcareous s i l t y  matrix, 
v e r y  poor ly  consol ida ted ;  clasts predominant ly  s i l i c i f i e d  
metasediments  
990-1,020 a/a 
1,020-1,050 a/a; s l i g h t l y  b e t t e r  c o n s o l i d a t i o n ,  s i l t y  c l a y  matrix 
1,050-1,080 a/a; s l i g h t l y  b e t t e r  c o n s o l i d a t i o n ,  s i l t y  ca l ca reous  matrix 
matrix 
1,080-1,110 a/a; s l i g h t l y  more c o n s o l i d a t i o n ,  s i l t y  ca l ca reous  ma t r ix  




















a la ;  s l i g h t l y  b e t t e r  conso l ida t ed ,  s i l t y  ca lcareous  mat r ix  
ma t r ix  
SAND & GRAVEL, l i g h t  brown, poor ly  consol ida ted ,  s i l t y  
ca l ca reous  matrix; v a r i c o l o r e d  angu la r  t o  subrounded c las ts  
of predominant ly  s i l i c i f i e d  metasediments 
a la ;  i n c r e a s e  m a t r i x  f r a c t i o n  
'ala; i n c r e a s e  m a t r i x  f r a c t i o n ,  grades.  t o  sandy s i l t s t o n e ;  
trace s i l i c i f i c a t i o n  
a la ;  ve ry  poor ly  conso l ida t ed  
ala;  v e r y  poor ly  consol ida ted  
ala;  v e r y  poor ly  consol ida ted  
a la  
Sandy MUDSTONE, l i g h t  brown, poor ly  consol ida ted ,  ca l ca reous ;  
subangular  t o  subrounded c las ts  of metasediments,  metavol- 
c a n i c s ,  q u a r t z ,  g r a n i t i c  rock ,  trace r h y o l i t e ;  i nc ludes  
10% whi t e  t o  buf f  CLAYSTONE 
ala 
u n i t ?  
MUDSTONE, l i g h t  gray ,  grades  t o  minor CLAYSTONE and minor 
sandy MUDSTONE of same co lo r ;  moderately conso l ida t ed ;  
ca l ca reous .  Note: Very coa r se  c u t t i n g s  ( t o  314") 
ala 
a la ;  sample i n c l u d e s  50% sand and g r a v e l  clasts,  subrounded 
t o  round, most ly  l i gh t - co lo red  s i l i c i f i e d  metasediments 
a la ;  Note: ex t remely  coa r se  c u t t i n g s  ( t o  1") 
ala;  sample c o n t a i n s  30% subrounded t o  round 
clasts; predominately v a r i c o l o r e d  s i l i c i f i e d  
ala; sample c o n t a i n s  30% subrounded t o  round 
clasts, predominate ly  v a r i c o l o r e d  s i l i c i f i e d  
trace f l e sh -co lo red  c l a y  ( d e v i t r i f i e d  t u f f ? )  
sand and g r a v e l  
me tasediment  s 
sand and g r a v e l  
m e  t asedinen  ts : 
a/a; sample c o n t a i n s  50% subangular  t o  subrounded sand and 
g r a v e l  clasts, predominately v a r i c o l o r e d  s i l i c i f i e d  m e t a -  
sediments  and mafic metavolcanics ;  poorly conso l ida t ed  
A-3 
1,620-1,650 MUDSTONE,. l i g h t  gray ,  moderately conso l ida t ed ,  ca l ca reous ,  
sandy and g r a v e l l y  i n  some p a r t s ,  wi th  subangular  t o  sub- 
rounded c las ts  of v a r i c o l o r e d  s i l i c i f i e d  metasediments.  
1,650-1,680 a/a; sample inc ludes  10% coa r se  sandy clasts 
1 , 680-1 , 710 a/a 













a/a; sample inc ludes  10% sand and g r a v e l  clasts 
a/a 
a/a; g rades  t o  n e a r l y  w h i t e  ca lcareous  c l ays tone  
MUDSTONE and CLAYSTONE, l i g h t  gray (with g reen i sh  cast  i n  
p a r t )  and f l e sh -co lo red ,  ca l ca reous ,  moderately conso l ida t ed ;  
l o c a l l y  w i t h  abundant sand and g r a v e l  clasts (50% of sample) 
of v a r i c o l o r e d  metasediments and metavolcanic  rocks;  
Note: sample c o n t a i n s  a f o s s i l  s h e l l f i s h  
a/a; sample inc ludes  30% sand and g r a v e l  c las ts ;  
Note: extremely coa r se  c u t t i n g s  (mudstone fragments  t o  l", 
g r a v e l  clasts t o  3 / 4 " )  
a/a; subrounded g r a v e l  clasts t o  3/4"; trace ca l ca reous  
veins i n  c l a y s t o n e  
a/a; sample c o n t a i n s  70% coa r se  sand and g r a v e l  clasts,  
a n g u l a r  t o  round, most ly  v a r i c o l o r e d  s i l i c i f i e d  metasediments 
a/a; sample c o n t a i n s  80% c o a r s e  sand and g r a v e l  clasts of 
s i l i c e o u s  metasediments and minor maf ic  metavolcanics  
SAND & GRAVEL, v a r i c o l o r e d ,  poorly s o r t e d ,  poor ly  cemented; 
a n g u l a r  t o  subangular  c lasts  of v a r i c o l o r e d  s i l i c i f i e d  
metasediments  ( inc ludes  c h e r t ,  s i l t s t o n e ,  q u a r t z i t e )  and 
minor d a r k  metavolcanic  rocks ;  trace b i o t i t e  and q u a r t z ;  
sample i n c l u d e s  10% mudstone and c l a y s t o n e  a/a 
a/a; i n c l u d e s  30% c lay- r ich  sandy and s i l t y  natrix 
a/a; i n c l u d e s  30% c lay - r i ch  sandy and s i l t y  matrix 
a/a; 70% sand-sized clasts; 30% l i g h t  g rey  t o  f lesh-colored  
MUDSTONE & CLAYSTONE, l o c a l l y  sandy; probably  n o t  a l l  matrix 























60% SAND & GRAVEL clasts, angular to round, varicolored, . 
40% SILTSTONE, MUDSTONE & CLAYSTONE, tan to light gray, 
predominantly metasediments, minor metavolcanics 
locally sandy, slightly calcareous, slight to moderate 
consolidation; appears to be mostly matrix material for 
sand and gravel clasts 
8 
a /a 
a/a; 80% coarse sand and gravel clasts 
a/a; 70% corase sand-sized clasts; matrix mostly flesh- 
colored 
a/a; 50% sand and gravel clasts 
ala; 60% sand and gravel clasts 
ala; 30% sand and gravel clasts 
a/a; 60% sand and gravel clasts 
ala; 40% sand and gravel clasts 
a/a; 70% sand and gravel clasts 
a/a; 85% sand and gravel clasts 
a/a; 70% sand and gravel clasts (abundant gravels) 
ala; 90% sand and gravel clasts 
a/a; 80% sand and gravel clasts 
ala; 80% sand and gravel clasts 
a/a; 40% sand and gravel clasts 
ala; 20% sand and gravel clasts 
a / a ;  60% sand and gravel clasts 
ala; 70% sand and gravel clasts (predominantly fine sand) 
ala; 50% sand and gravel clasts (predominantly fine sand) 
MUDSTONE & CLAYSTONE:, predominately light greenish grey, 
some light brown, moderately consolidated, calcareous; 
common mica flakes; sample includes 10% subrounded sand and 
gravel clasts, predominately metasediments; common slicken- 













80% Coarse sand and gravel clasts, predominately light 
green grey and black, angular to subangular; 
predominately coarse-grained biotite granite (biotite 
partly chloritized) and monomineralic feldspar and 
quartz grains, with lesser dark-colored silicified 
metasediments; trace vesicular andesite 
20% MUDSTONE & CLAYSTONE a/a 
MUDSTONE, light greenish grey, moderately to well con- 
solidated, calcareous, very uniform. 
a/a; occasionally slight sandy MUDSTONE; trace slickensides, 
Note: very coarse cuttings 
a/a; grades to claystone; trace slickensides 
CLAYSTONE, light green-gray, moderately to well consolidated, 
calcareous with abundant dark green slickensides; grades to 
minor mudstone 
a/a; 2% sandy clasts; minor slickensides; trace pyrite 
in clumps 
CLAYSTONE & MUDSTONE, light gray to light gray-green, moder- 
ately to well consolidated, calcareous, trace slickensides; 
includes 5% sandy clasts; trace pyrite clumps 
a/a; grades to minor calcareous sandstone; trace zeolite 
(laumontite?) aggregate 
MUDSTONE, predominantly light brown, moderately to well 
consolidated, calcareous, very uniform; trace pyrite clumps 
a/a; grades to slight greenish claystone; trace slickensides 
3 , 030-3 , 060 a/a 
3,060-3,090 MUDSTONE & CLAYSTONE, predominately light green-gray, 
. grades to light brown, cream, and light gray; predominately 
well consolidated, calcareous; trace pyrite clumps; trace 
sand grains; trace slickensides 
3,090-3 , 120 a/a 
3,120-3,150 a/a; some sandy MUDSTONE; 3% disagregate sand grains 
3,150-3,180 a/a; 5% disaggregate sand grains (granite, metasediments, 
metavolcanics) 
3,180-3,210 70% CLAYSTONE & MUDSTONE, light green-gray to light red-brown, 
moderately to well consolidated, slightly calcareous, 













30% d i s a g g r e g a t e  medium t o  coarse  sand c l a s t s ,  predominately 
subangular ,  predominately metasediments and g r a n i t e  w i th  
abundant da rk  purple-brown s t a i n  (weathered s u r f a c e ? )  
CLAYSTONE & MUDSTONE, predominately l i g h t  green-gray, 
grades  t o  minor l i g h t  brown and whi te ,  moderately t o  w e l l  
conso l ida t ed ,  s l i g h t l y  ca l ca reous ,  occas iona l ly  sandy and 
mica-r ich;  trace s l i c k e n s i d e s  wi th  dark  g reen  coa t ing ;  
i n c l u d e s  5% d i s a g g r e g a t e  sand g r a i n s  wi th  abundant da rk  
purple-brown wea the r ing (? )  s t a i n  
ala;  20% d i s a g g r e g a t e  sand g r a i n s  
a/a; 20% d i saggrega te  sand g r a i n s ;  trace p y r i t e  clumps 
a/a;  20% d i s a g g r e g a t e  sand g r a i n s ;  l o c a l  l amina t ion  of 
muds tone  
a la ;  30% whi t e ,  crumbly, poss ib ly  tu f f aceous ;  trace p y r i t e -  







pebbly t u f f a c e o u s  SANDSTONE, poor ly  s o r t e d ,  w i th  
s l i g h t l y  a l t e r e d  w h i t e  ca l ca reous  c l a y  matrix; c las ts  
predominately s i l i c i f i e d  c r y p t o c r y s t a l l i n e  material 
( c h l o r i t e  o r  r h y o l i t e )  angular  t o  subrounded, w i th  
lesser angu la r  q u a r t z  and f e l d s p a r ;  m a t r i x  b leached,  
crumbly w i t h  common disseminated p y r i t e ;  some p y r i t e -  
coa ted  s u r f a c e s ;  
l i g h t  brown MUDSTONE, a/a 
CLAYSTONE, predominately l i g h t  green-gray, g rades  t o  
l i g h t  brown, w e l l  conso l ida t ed ,  ve ry  s l i g h t  ca lc i te ;  
l o c a l l y  grades t o  mudstone 
tu f f aceous  SANDSTONE aCa, grades  t o  c r y s t a l - r i c h  l i t h i c  
t u f f ;  l o c a l l y  w i t h  
s i l i c i f i e d  
TUFF o r  t u f f a c e o u s  
a p h a n i t i c  , l o c a l l y  
mot t led  and banded 
CLAYSTONE, a/a 
s p a r r y  ca l ca reous  cement; l o c a l l y  
sediment ,  w h i t e ,  predominately 
f ine-gra ined ,  i nc ludes  some 
t e x t u r e s ;  h i g h l y  s i l i c i f i e d  i n  p a r t  
CLAYSTONE & MUDSTONE, predominately l i g h t  green-gray, l o c a l l y  
sandy, w e l l  c o n s o l i d a t e d ,  s l i g h t l y  ca l ca reous ;  trace t u f f  a / a ;  
trace s l i c k e n s i d e s ;  trace drusy q u a r t z ;  trace o p a l i t i c  
a l t e r n a t i o n  of c l ays tone .  
a/a; minor poor ly  s o r t e d  SANLISTONE 
a/a; no d rusy  q u a r t z  o r  o p a l i t i c  a l t e r a t i o n ;  some c l a y s t o n e  
has  t h i n  randomly o r i e n t e d  s t r i n g e r s  and b l e b s  of b l a c k  sh iny  



















CLAYSTONE & MUDSTONE, predominately l i g h t  green-gray 
g rades  t o  l i g h t  brown, l o c a l l y  sandy, w e l l  conso l ida t ed ,  
s l i g h t l y  ca lcareous ;  t r a c e  s l i c k e n s i d e s  
SANDSTONE & SILTSTONE, p o s s i b l y  tuf faceous  wi th  wh i t e  
c l a y - r i c h  matrix, l o c a l l y  s i l i c i f i e d ;  trace drusy  
s i l i c a - c o a t e d  f r a c t u r e  s u r f a c e s  
d i s a g g r e g a t e , g r a n i t i c  and metasediment sand g r a i n s  
MUDSTONE & CLAYSTONE, predominately l i g h t  green-gray, 
w e l l  conso l ida t ed ,  s l i g h t l y  ca l ca reous ;  trace s l i cken-  
s i d e s ;  trace p y r i t e  clumps 
SILTSTONE & minor SANDSTONE, c lay - r i ch ,  t u f f aceous  i n  
p a r t ,  w i t h  widespread whi te  c l a y  matrix; trace disseminated 
p y r i t e  
d i s a g g r e g a t e  g r a n i t i c  and metasediment sand c las ts  with 
abundant  d a r k  weather ing s t a i n  
MUDSTONE, predominately l i g h t  green-gray grades  t o  l i g h t  
brown, w e l l  conso l ida t ed ,  s l i g h t l y  ca l ca reous ,  Variegated 
t e x t u r e ;  l o c a l l y  bleached, l o c a l l y  w i t h  ve ry  f i n e  disseminated 
s u l f i d e ( ? )  mine ra l ;  poss ib ly  tu f f aceous  i n  p a r t .  
a /a ;  g r a d e s  l o c a l l y  t o  tu f f aceous  sandstone;  l o c a l l y  con ta ins  
f i n e  p l a t y  b l a c k  material (mica f l a k e s ? ) ;  poss ib ly  inc ludes  
some f ine -g ra ined  t u f f s  
a/a; c o n t a i n s  some angu la r  q u a r t z ,  f e l d s p a r  and hornblende 
g r a i n s ;  trace p y r i t e  clumps; minor i n c i p i e n t  wh i t e  c l a y  
a l t e r a t i o n ;  probably tu f f aceous  sediments  w i t h  p o s s i b l y  
d e v i t r i f i e d  t u f f s  
a/a; c o n t a i n s  abundant angular  c r y s t a l s  of ca l c i t e  i n  c l a y  
maxtrix w i t h  disseminated p y r i t e ;  minor tu f f aceous  SANDSTONE 
& SILTSTONE 
a/a; more variable, increase tuffaceous(?) sediments, very 
c a l c a r e o u s  
MUDSTONE, SILTSTONE, minor SANDSTONE, l i g h t  green  gray  t o  
l i g h t  gray t o  n e a r l y  whi te ,  c a l c a r e o u s ,  l o c a l l y  lamina ted ,  
w i t h  d i s semina ted  p y r i t e  and c a l c a r e o u s  c r y s t a l s ;  poss ib ly  
t u f f a c e o u s  i n  p a r t  
a/a; 30% l i g h t  brown laminated t u f f a c e o u s  MUDSTONE & SILTSTONE, 
o t h e r  g r e e n i s h  and brownish v a r i e t y  c o n t a i n s  embedded 
euhedra l  ca l ca reous  rhombohedra; trace p y r i t e  clumps, poss ib ly  
marcasite 
a/a; abundant  disseminated calci te  euhedra up to several 
mm d iameter  
a/a; abundant  coa r se  ca l ca reous  fragments  ( 5 %  of sample) 
A-a 
-  
3,870-3,900 CLAYSTONE & MUDSTONE, l i g h t  green-gray grades t o  minor 
l i g h t  brown, w e l l  conso l ida t ed ,  s l i g h t l y  ca lcareous ;  grades  
t o  minor s i l t s t o n e  and f i n e  sands tone ;  f i n e  disseminated p y r i t e  
and ca l ca reous  c r y s t a l s ;  ca l ca reous  euhedra l  b e s t  developed 
i n  brown s i l t s t o n e  (rhombs); 1% disaggrega ted  subrounded 
sand c las ts  and minor tan-colored sandstone and s i l t s t o n e  
(s lough?)  
3,900-3,930 a/a; p o s s i b l y  tu f f aceous  i n  p a r t ;  1% disaggrega te  sand 
clasts;  1 % - c o a r s e  ca l ca reous  fragments;  t r a c e  s l i c k e n s i d e s  
3,930-3,960 a/a; 1% d i s a g g r e g a t e  sand g r a i n s ;  2% coa r se  ca l ca reous  f r ag -  
ments; t race s l i c k e n s i d e s ;  minor wh i t e  g ranu la r  f r i a b l e  
mine ra l  a g g r e g a t e s  wi th  p y r i t e - r i c h  bands ( z e o l i t e  v e i n ? )  
3,960-3,990 CLAYSTONE & MUDSTONE, l i g h t  green-gray grades  t o  minor l i g h t  
brown, w e l l  conso l ida t ed ,  s l i g h t l y  ca l ca reous ;  grades  t o  
minor s i l t s t o n e  and sandstone;  l o c a l l y  banded w i t h  v e r y  
f i n e  p y r i t e  concen t r a t ions ;  p y r i t e  disseminated i n  t i n y  
s t r e a k s  and b l e b s ;  euhedra l  ca l ca reous  rhombs (up t o  1 rum) 
disseminated  i n  many g r a i n s ;  %3% l i g h t  co lored ,  s i l i c i f i e d ,  
poss ib ly  t u f f a c e o u s ;  trace d i s a g g r e g a t e  sand g r a i n s ;  t race 
c o a r s e  c a l c a r e o u s  fragments  
3,990-4,020 a/a 
4,020-4,050 a/a; i n c r e a s e  c o a r s e  sand con ten t  (%lo%),  d i sseminated  i n  
c l ays tone ;  trace v i t r e o u s  q u a r t z  v e i n  material; trace s l i cken-  
s i d e s ;  i n c r e a s e  s i l t s t o n e  f r a c t i o n  
4,050-4,080 MUDSTONE & SILTSTONE, predominately green-gray, w e l l  consol i -  
da ted ,  sandy i n  p a r t  (sample c o n t a i n s  20% d i saggrega te ,  
medium t o  c o a r s e  sand c las ts) ,  grades  t o  minor c l a y s t o n e  
and trace sands tone ;  p r y i t e  i n  f i n e ,  d e n d r i t i c  growths,  
p o s s i b l y  in te rgrown w i t h  magnet i te ;  20% l i g h t  co lo red  f i n e  
g r a i n  s i l i c i f i e d  t u f f  f ragments ,  banded i n  p a r t  w i t h  t h i n  
s i l ica  v e i n l e t s ;  trace d rusy  q u a r t z  coa t ings  on f r a c t u r e d  
s u r f  aces 
4,080-4,110 a/a; trace s i l i c i f i e d  t u f f  
4,110-4,140 a/a; trace s i l i c i f i e d  tu f f .  
4,140-4,170 MUDSTONE, CLAYSTONE & SILTSTONE, predominately green-gray, 
w e l l  c o n s o l i d a t e d ,  w i t h  approximately 5% d i s p e r s e d  medium 
t o  c o a r s e  sand clasts; d e n d r i t i c  p y r i t e  and euhedra l  ca lcareous  
rhombs d i s semina ted  i n  many fragments;  p y r i t e  and ca l ca reous  
c r y s t a l s  o c c a s i o n a l l y  i n  clumps; trace s l i c k e n s i d e s  
4,170-4,200 a/a, most ly  MUDSTONE, more uniform t e x t u r e ,  l i g h t  green-gray 










4 , 320-4,330 
4,330-4,340 
4,340-4,350 
a/a;  most ly  MUDSTONE & SILTSTONE, l i g h t  green-gray t o  l i g h t  
gray-brown, trace sandy c l a s t s ;  trace angu la r  b lack  b a s a l t  
f ragments  
a /a ;  most ly  MUDSTONE & SILTSTONE, grades t o  minor f i n e  grained 
sands tone ;  predominately green-gray, grades  t o  gray-brown; 
trace b l a c k  carbonaceous v a r i a t i o n ;  minor coa r se  sand c las t s ;  
trace b lack  b a s a l t  f ragments;  trace t u f f a c e o u s ( ? )  mudstone; 
trace s l i c k e n s i d e s  
CLAYSTONE, MUDSTONE & SILTSTONE, l i g h t  green-gray t o  l i g h t  
brown, w e l l  c o n s o l i d a t e ,  l o c a l l y  sandy, grades  t o  minor f i n e -  
g ra ined  sands tone ;  t race disseminated ca l ca reous  c r y s t a l s ,  
p y r i t e ;  trace t u f f a c e o u s ( ? )  s i l t s t o n e ;  %5% d i saggrega te  
c o a r s e  sand g r a i n s ,  p y r i t e  clumps, and c o a r s e  ca lcareous  
f ragments ;  trace b a s a l t  f ragments ,  Note: very  slow p e n e t r a t i o n  
a/a; predominately l i g h t  brown MUDSTONE & SILTSTONE, l o c a l l y  
w i t h  abundant d i sseminated  euhedra l  c a l c i t e  c r y s t a l s ;  trace 
s l i c k e n s i d e d  fragments  and waxy sheared material, Note: con- 
t i nued  v e r y  slow p e n e t r a t i o n  
a/a; 70% l i g h t  brown MUDSTONE & SILTSTONE; trace s l i c k e n s i d e s  
and waxy sheared material 
SILTSTONE and v e r y  f i n e  gra ined  SANDSTONE, l i g h t  brown t o  
l i g h t  g r a y  and l i g h t  green-gray, ca l ca reous ,  moderately t o  
w e l l  conso l ida t ed ;  minor MUDSTONE; 10% d i saggrega te  medium 
t o  c o a r s e  sand g r a i n s ;  minor d i saggrega te  ca l ca rous  fragments  
and p y r i t e  clumps 
a/a;  30% v e r y  f ine-gra ined  SANDSTONE, v e r y  ca lcareous ;  
trace s l i c k e n s i d e s  
MUDSTONE & SILTSTONE, minor very  f ine-gra ined  SANDSTONE, l i g h t  
green-gray to light brown, w e l l  consolidated, slightly to very 
ca lca reous ,  l o c a l l y  w i t h  abundant d i sseminated  ca lc i te  
c r y s t a l s ;  trace w h i t e  f l a k y  gouge(?) 
SILTSTONE and6 f ine -g ra ined  SANDSTONE, minor MUDSTONE, l i g h t  
brown, l i g h t  green-gray, l i g h t  gray,  moderately t o  w e l l  
conso l ida t ed ,  poorly s o r t e d ,  non-calcareous t o  ve ry  ca l ca reous ,  
subrounded clasts; trace d isseminated  p y r i t e  
a/a; l o c a l l y  grades  t o  medium-grain sands tone  
Note, h e r e  and above: many l a r g e  c u t t i n g s ,  most ly  mudstone, 
w e l l  rounded, p o s s i b l y  s lough?  
SANDSTONE & SILTSTONE, l i g h t  gray,  l i g h t  brown, l i g h t  green- 
gray ,  moderately t o  p o o r l y  s o r t e d ,  a n g u l a r  t o  subrounded 
clasts; g reen i sh  t o  w h i t e  ( a l t e r e d ? )  c l a y  cement; t u f f aceous  
i n  p a r t ;  minor d isseminated  p y r i t e ;  trace drusy q u a r t z  growths 












ala;  sample con ta ins  30% l i g h t  green-gray MUDSTONE & CLAY- 
STONE, some poss ib ly  s lough ( l a r g e ,  round c u t t i n g s ) ;  rest 
most ly  tu f f aceous  sands tone  and s i l t s t o n e .  
CLAYSTONE, MUDSTONE, SILTSTONE & SANDSTONE i n  approximately 
equa l  p a r t s ;  l i g h t  green-gray, l i g h t  brown, l i g h t  gray;  
moderately t o  poor ly  s o r t e d ,  l o c a l l y  wi th  w h i t e  ma t r ix  
( e s p e c i a l l y  sands tone) ;  t u f f aceous  i n  p a r t ;  25% d i saggrega te  
c o a r s e  sand clasts,  subangular  t o  subrounded; minor dissemated 
p y r i t e ,  t race euhedra l  c a l c i t e  c r y s t a l s  
SANDSTONE and lesser SILTSTONE, predominantly l i g h t  gray ,  
f i ne -g ra ined ,  moderately s o r t e d ,  moderately l i t h i f i e d ,  
most ly  tu f f aceous ,  w i t h  w h i t e  non-calcareous ( r e c r y s t a l l i z e d  
c l a y ? )  cement; appears  s l i g h t l y  porous; 20% MUDSTONE 6 CLAY- 
STONE 
ala;  dec rease  mudstone; i n c r e a s e  average g r a i n  s i z e ,  g rades  
t o  medium sandstone,  l o c a l l y  g r a v e l l y ;  c las ts  inc lude  much 
q u a r t z ,  f e l d s p a r ,  c h e r t ,  l i t h i f i e d  fragments ,  occas iona l ly  
much b i o t i t e ;  matrix l o c a l l y  r e c r y s t a l i z e d  t o  v i t r e o u s  
mine ra l ;  some sugary  a u t h i g e n i c c l a y ( ? )  l i n i n g  of  pores ;  some 
i n t e r s t i t i a l  q u a r t z  
ala; predominantly v e r y  f ine-gra ined  t u f f a c e o u s  SANDSTONE; 
20% d i saggrega te  c o a r s e  sand c l a s t s  
Tuffaceous SANDSTONE & SILTSTONE, predominant ly  g ray ,  
moderate t o  w e l l  l i t h i f i e d ,  moderately s o r t e d ,  l o c a l l y  
g r a v e l l y ;  sugary  w h i t e  matrix, o c c a s i o n a l l y  ca lc i te  
cement; trace p y r i t e  clumps 
Tuffaceous CONGLOMERATq SANDSTONE, and minor SILTSTONE 
and MUDSTONE; l i g h t  g ray ,  l i g h t  gray-green, w i t h  mul t ico lored  
s i l i c i f i e d  c r y p t o c r y s t a l l i n e  clasts, modera te ly  t o  poor ly  
sorted, w i t h  l i g h t  colored clay c e m e n t ,  m o d e r a t e l y  to well 
l i t h i f i e d ;  trace d isseminated  p y r i t e ;  some s i l i ca  cement 
ala; sands tone  c o n t a i n s  some s o f t  g reen  b l e b s ,  apparent  
selective a l t e r a t i o n  of c e r t a i n  c las ts ;  po re  spaces  l i n e d  
w i t h  w h i t e  material ( a u t h i g e n i c  c l a y  i n  p a r t ? ) ,  l o c a l l y  
a l t e r e d  to g r e e n i s h  c o l o r ;  Note: sample c o n t a i n s  abundant 
( 4 0 % )  l a r g e  round f ragments  of mudstone and s i l t s t o n e - -  
p o s s i b l y  s lough(?)  
ala; SANDSTONE p a r t l y  s i l i c i f i e d  wi th  g l a s s y  i n t e r s t i t i a l  
q u a r t z ;  u s u a l l y  w i t h  some accompanied green  a l t e r a t i o n ;  some 
c a l c a r e o u s  cement; minor yellow-brown Fe s t a i n  
Note: d e s c r i p t i o n  i g n o r e s  20% mudstone i n  l a r g e  round 
fragments  ( s lough?)  
ala; most ly  tu f f aceous  c o a r s e  SANDSTONE and CONLOMGERATE, 
s i l i c i f i e d  i n  p a r t  















a/a; l o c a l  p r e c i p i t a t i o n  of yellow-brown Fe oxides  i n  
m i c r o f r a c t u r e s ;  some g l a s s y  i n t e r s t i t i a l  q u a r t z  i n  sandstone.  
a/a;  abundant coa r se  angu la r  fragments of pas te l -co lored  
t o  da rk  red-brown c r y p t o c r y s t a l l i n e  RHYOLITE o r  CHERT 
70% 
30% 
SANDSTONE, l i g h t  gray  t o  l i g h t  gray-brown, f i n e -  t o  
v e r y  f ine-gra ined ,  l o c a l l y  g r a v e l l y ,  wi th  wh i t e  c l a y  
matrix, l o c a l l y  a l t e r e d  t o  greenish ;  poss ib ly  tu f f aceous  
i n  p a r t ;  yellow-brown F e  s t a i n  
SILTSTONE, brown t o  l i g h t  brown, w e l l  s o r t e d ,  w e l l  
conso l ida t ed ,  non-calcareous,  w i th  c o a r s e - c r y s t a l l i n e  
c a l c a r e o u s  v e i n s  ( d i s t i n c t i v e  rock) 
a/a; SANDSTONE more s i l i c i f i e d ,  tu f faceous ;  i n c r e a s e  
yellow-brown Fe s t a i n ;  i n c r e a s e  g ranu la r  f r a c t i o n ,  mostly 
pas t e l - co lo red  c r y p t o c r y s t a l l i n e  s i l i c i f i e d  rock  
a/a; s i l t s t o n e  has  some p lana r ;  sugary  f r a c t u r e  s u r f a c e s ;  
sands tone  coarser -gra ined ,  i n c r e a s e  yellow-brown Fe s t a i n  
CONGLOMERATE, SANDSTONE, SILTSTONE; heterogeneous t e x t u r e s ,  
p o s s i b l y  t u f f a c e o u s  i n  p a r t ;  abundant d i saggrega te  mul t i -  
co lo red  pebb le  f ragments ,  predominantly s i l i c i f i e d  and 
c r y p t o c r y s t a l l i n e ,  minor brown SILTSTONE a/a 
Predominantly CLAYSTONE & MUDSTONE, minor SILTSTONE and SAND- 
STONE, l i g h t  green-gray, grades  t o  minor l i g h t  brown and l i g h t  
g ray ,  w e l l  conso l ida t ed  tu f f aceous  i n  p a r t  w i th  f i n e  dissem- 
i n a t e d  , p y r i t e  and calcite;  10% d i saggrega te  sand clasts 
80% BASALT/ANDESITE, very  dark  gray t o  da rk  green-gray, 
p a r t l y  c h l o r i t i z e d  and crumbly, f e l d s p a r  phenocrys ts ;  
c o n t a i n s  magne t i t e ;  trace ca l c i t e  v e i n s  
clasts (slough) 
20% green-gray f ine-gra ined  sediments and d i s a g g r e g a t e  sand 
a/a; much of v o l c a n i c  tex ture  des t royed  by a l t e r n a t i o n ;  
p o s s i b l e  c h l o r i t i z e d  mafic phenocrys ts  
a/a; pyroxene and f e l d s p a r  phenocrys ts ;  widespread c h l o r i t i z e d  
a l t e r n a t i o n  
a/a 
a/a; i n c r e a s e  ca l ca reous  v e i n s ;  40% slough 
a/a; trace b r i g h t  blue-green c l a y  vesicle and f r a c t u r e  
f i l l i n g ;  10% s lough,  Note: f i n e  c u t t i n g s  (1-2 mm) throughout  
v o l c a n i c  s e c t i o n  
a/a; 10% s lough 
A-12 
4,850-4,860 












5 , 000-5 , 010 
h 
a/a; s p a r s e  pyroxene(?) phenocrysts  
80% BASALT/ANDESITE, very  dark  gray t o  green-gray, wide- 
spread  c h l o r i t i z e d  a l t e r a t i o n  wi th  much d e s t r u c t i o n  of 
v o l c a n i c  t e x t u r e ;  f e l d s p a r  phenocrysts ,  p o s s i b l y  s p a r s e  
c h l o r i t i z e d  mafic  phenocrysts ;  s l i g h t  v e s i c l e s ,  cav i t ies  
l i n e s  w i t h  g reen i sh  material; trace ca l ca reous  v e i n s  
20% s lough from ove r ly ing  sediments  
a/a; 10% sediment s lough 
a/a; 10% sediment  s lough;  s l i g h t  i n c r e a s e  ca l ca reous  v e i n s  
a/a; i n c r e a s e  c h l o r i t i z e d  a l t e r a t i o n ;  10% sediment s lough 
a/a; i n c r e a s e  c h l o r i t i z e d  a l t e r a t i o n ;  5% sediment s lough 
Note: con ta ined  very  f i n e  c u t t i n g s j  %l mm d iameter  
a/a; grades  t o  l i g h t  gray,  s i l i c i f i e d  w i t h  p o s s i b l y  q u a r t z  
phenocrys ts  ( rhyodac i t e? ) ;  5% slough 
95% ANDESITE/DACITE(?), v e r y  dark  gray  t o  l i g h t  green-gray, 
a l t e r e d  ( c l a y ,  c h l o r i t e ) ,  c rubbly  f e l d s p a r ,  phenocrys ts ,  
p o s s i b l y  q u a r t z  phenocrys ts  
5% sediment s lough 
ala; da rke r  average  c o l o r  
95% BASALT/ANDESITE, v e r y  da rk  gray,  g rades  t o  green-gray, 
. a l t e r e d  ( c h l o r i t e ,  c l a y ) ,  f e l d s p a r  phenocrys ts ;  trace 
c a l c a r e o u s  v e i n s  
5% sediment s lough 
a /a  
a/a; he te rogeneous  t e x t u r e s  ( inc ludes  v e s i c u l a r  v a r i e t y  
and sed iments )  and compact; probably i n t e r f l o w  rubb le ;  
trace s i l i c a  v e i n s  
Heterogeneous v o l c a n i c  f ragments ,  predominant ly  da rk  g reen i sh  
gray  BASALT/ANDESTIE, p a r t l y  t o  h i g h l y  a l t e r e d ,  v a r i a b l e  
t e x t u r e  (compact, v e s i c u l a r ,  v a r i a b l e  g r a i n  s i z e ) ;  trace 
DACITE(?), trace v o l c a n i c  sediments;  trace s i l i ca  and ca l c i t e  
v e i n s ;  trace w h i t e  s i l i c i f i e d  mater ia l  w i t h  v e i n l e t s  of g l a s sy  
q u a r t z ;  20% sediment s lough,  Note: norna l -s ized  c u t t i n g s  
(to 5 mm). 


















90% S i l i c i c  TUFF, red-brown, grades  t o  gray-brown; con ta ins  
t i n y  c r y s t a l s  g l a s sy  f e l d s p a r ,  q u a r t z ,  f ragments  d e v i t r i -  
f i e d  pumice, l i t h i c  f ragments ,  a l s o  chalky whi te  m a t e r i a l  
w i t h  q u a r t z  v e i n l e t s ;  v a r i a b l e  t e x t u r e ,  g r a i n  s i z e  
10% sediment and vo lcan ic  s lough 
a/a; TUFF e x t r u s i v e  heterogeneous c o l o r  (red-brown, l i g h t  g r a y ,  
gray-brown) and t e x t u r e  ( g r a i n  s i z e ,  c r y s t a l  and l i t h i c  
p r o p e r t i e s ,  deg ree  of  d e v i t r i f i c a t i o n ,  e t c . ) ;  poss ib ly  
tu f f aceous  sediment  
S i l i c i c  TUFFS, red-brown, brown, g ray ,  whi te ,  g reen i sh ;  
most ly  non-welded, some l i t h i c ,  some c r y s t a l - r i c h ,  some 
s i l i c i f i e d ;  extreme v a r i a b l e  t e x t u r e ;  poss ib ly  tuf faceous  
conglomerate 
a / a ;  probably conglomerate w i t h  predominantly s i l i c i f i e d  
t u f f  cobbles  and brown sandy m a t r i x  
a / a  
a/a;  extrezne heterogeneous s i l i c i c  t u f f  fragments and 
abundant c h e r t  and metasediment f ragments  
a/a;  predominant ly  red-brown and g ray  crubmly s i l i c i c  
TUFFS 
S i l i c i c  TUFT, red-brown g rades  t o  gray-brown and g reen i sh  
gray,  f i ne -g ra ined ,  non-welded, crumbly, l o c a l l y  c r y s t a l -  
r i c h ,  l i t h i c  i n  p a r t ,  c o n t a i n s  f ragments  of o l d e r  t u f f s  
a/a;  s l i g h t  v e s i c u l a r  
a/a; sample c o n t a i n  40% slough 
a/a; g e n e r a l l y  f i n e r - g r a i n e d ,  g rades  t o  tu f f aceous  siltstone? 
a/a;  i n c r e a s e  l i t h i c  f ragments  
Heterogeneous s i l i c i c  t u f f  f ragment ,  mu l t i co lo red ,  extremely 
v a r i a b l e  g r a i n  s ize  and t e x t u r e ;  abundant l i t h o l o g i c  f r ag -  
ments, mostly l i g h t - c o l o r e d ,  c r y p t o c r y s t a l l i n e ,  s i l i c a ;  
p o s s i b l y  t u f f a c e o u s  sediment 
a/a; 30% d i s a g g r e g a t e  g r a i n s  of pas t e l - co lo red  crypto-  
c r y s t a l l i n e  s i l i c i c  fragments  
60% CLAYSTONE & MUDSTONE, l i g h t  green-gray, w e l l  conso l ida t ed ,  
40% Heterogeneous TUFF fragments  a/a; a l s o  minor ve ry  dark  
Note: Clays tone  and mudstone i d e n t i c a l  t o  some sediments  
up-hole: p o s s i b l y  slough. 
c a l c a r e o u s ,  common s l i c k e n s i d e s ;  
gray b a s a l t  ( ? >  
A- 1 4  
5,180-5,190 Heterogeneous s i l i c i c  TUFF fragments ,  c r y p t o c r y s t a l l i n e  
s i l i c i c  fragments ,  b a s a l t / a n d e s i t e  f ragments ,  and c lay-  
s t o n e  and s i l t s t o n e  fragments;  suspec t  conglomerate wi th  
predominantly p y r o c l a s t i c  cobbles  and much in te rbedded  
c l a y s t o n e  and s i l t s t o n e  o r  s lough from up-hole 
5,190-5,200 a /a ;  he t e rogene i ty  sugges t s  v o l c a n i c l a s t i c  conglomerate,  
b u t  m a t r i x  material n o t  apparent  
5,200-5,210 a /a ;  trace yel low Fe s t a i n  
5,210-5,220 a/a;  tu f f aceous  CONGLOMERATE? 
5,220-5,230 a/a; 60% g r e e n i s h  gray  MUDSTONE & CLAYSTONE, predominantly 
i n  round c u t t i n g s  
5,230-5,240 a/a; 40% CLAYSTONE/MUDSTONE, appears  t u f f aceous ,  predominantly 
i n  w e l l  round c u t t i n g s  
5,240-5,250 CONGLOMERATE; mul t i co lo red ,  clasts predominantly v o l c a n i c  
rocks  ( s i l i c i f i e d  t u f f s  of many v a r i a t i o n s  and minor 
a n d e s i t e ( ? )  f ragments )  and c h e r t ;  w h i t e  non-calcareous c l a y  
matrix, moderately conso l ida t ed ;  25% claystone/mudstone 
s lough(  ?) 
5,250-5,260 a/a; 50% w e l l  rounded CLAYSTONE/MUDSTONE 
5,260-5,270 60% d i v e r s e  f ragments  of s i l i c i f i e d  TUFF, tu f f aceous  and 
I v o l c a n i c l a s t i c  sediments ,  SANDSTONE & SILTSTONE, CHERT, 
c h e r t y  SANDSTONE & CONGLOMERATE, & CLAYSTONE ( s m a l l  
angu la r  c u t t i n g s )  
40% l a r g e  round c u t t i n g s ,  l i g h t  green  t o  l i g h t  brown and 
l i g h t  gray  MUDSTONE, CLAYSTONE, & SILTSTONE (s lough?)  
5,270-5,280 a/a;  10% l a r g e  round CLAYSTONE/MUDSTONE c u t t i n g s ;  remainder 
i n c l u d e s  s o m e  BASALT/ANDESITE f ragments  
Note: Many g r e e n i s h  c l a y s t o n e  fragments  appear  t o  be 
t u f f a c e o u s  i n  p a r t ,  con ta ins  f i n e  e u h e d r d  c r y s t a l s ,  
. f e l d s p a r ,  hornblende,  b i o t i t e  
5,280-5,290 a/a; 40% l a r g e  round CLAYSTONE/MUDSTONE c u t t i n g s  
5,290-5,300 60% CLAYSTONE, l i g h t  g reen  t o  g ray  and brownish,  moderately 
conso l ida t ed ,  w i t h  v e r y  f ine  d isseminated  p y r i t e  
c r y s t a l s ;  s m a l l  angu la r  c u t t i n g s ,  trace s l i c k e n s i d e s ,  
trace embedded euhedra l  c a l c a r e o u s  c r y s t a l s  
f i ne -g ra in ,  c l ay - r i ch ,  w i t h  t i n y  c r y s t a l s  of f e l d s p a r  
and b i o t i t e  
SILTSTONE , BASALT , CHERT 
20% TUFF o r  t u f f a c e o u s  sediment ,  l i g h t  red-brown, v e r y  
20% d i v e r s e  f ragments  of  o t h e r  s i l i c i f i e d  TUFFS, tu f f aceous  
Note: Almost no l a r g e  round claystone/mudstone c u t t i n g s  i n  
sample 
A-15 
5,300-5,310 a/a; 60% green i sh  CLAYSTONE, tu f faceous  i n  p a r t ;  30% red- 
brown s i l i c i f i e d  TUFF; 10% misce l laneous  o t h e r  f ragments  
5,310-5,320 60% l a r g e  round CIAYSTONE/MUDSTONE/SILTSTONE c u t t i n g s  
20% red-brown s i l i c i f i e d  TUFF or tu f faceous  sediment a /a  
20% c h e r t - r i c h  SILTSTONE, SANDSTONE, and CONGLOMERATE 
wi th  w e l l  l i t h i f i e d  wh i t e  non-calcareous cement; 
i n c l u d e s  a s s o c i a t e d  d i saggrega te  c h e r t  and metasediment 
f ragments;  t race b a s a l t  fragments 
Note: Some of l a r g e  c h e r t - r i c h  s i l t s t o n e  and sandstone 
c u t t i n g s  a l s o  rounded by ab ras ion  
5,320-5,330 70% w h i t e  RHYOLITE w i t h  red-brown s t a i n ,  c r y p t o c r y s t a l l i n e  
t o  m i c r o c r y s t a l l i n e ,  hackly uneven f r a c t u r e ,  heavy Fe 
s t a i n  
15% l a r g e  round CLAYSTONE/MUDSTONE c u t t i n g s  
15% misce l laneous  s i l i c i f i e d  TUFFS; sediments  and c h e r t  
and ne tasedimentary  fragments 
5,330-5,340 85% w h i t e  RHYOLITE, a/a; poss ib ly  p e a r l y  wh i t e  s e r i c i t e  
pseudomorphs ( a l t e r e d  phenocrys ts?)  
10% red-brown TUFFS and v o l c a n i c  sediments 
5% CLAYSTONE, trace p y r i t e ,  trace CHERT 
5,340-5,350 50% green i sh  and brownish MUDSTONE/CLAYSTONE i n  l a r g e  mud 
40% w h i t e  RHYOLITE a/a; p e a r l y  wh i t e  "phenocrysts" appear  
c u t t i n g s  
t o  b e  s e r i c i t i z e d  mica c r y s t a l s  ( p l a t y  h a b i t ,  hexagonal 
o u t l i n e )  
10% red-brown TUFFS and v o l c a n i c  sediments 
5,350-5,360 85% whi t e  c r y p t o c r y s t a l l i n e  RHYOLITE a/a; red-brown s t a i n  
may be  due i n  p a r t  t o  ox ida t ion  of d i sseminated  
p y r i t e  c r y s t a l s  
15% red-brown s i l i c i f i e d  TUFF and v a r i c o l o r e d  MUDSTONE/ 
CLAY STONE 
5,360-5,370 9 O X  w h i t e  RHYOLITE w i t h  sp lo t chy  red-brown s t a i n ,  crypto-  
c r y s t a l l i n e  t o  minor m i c r o c r y s t a l l i n e ,  w i th  hackly  
uneven s u r f a c e s ;  phenocrys ts  a l t e r e d  almost  beyond 
r ecogn i t ion :  m i c a  ( b i o t i t e ? )  now p e a r l y  ser ic i te  
pseudomorphs w i t h  hexagonal o u t l i n e  and f a i n t  p l a t y  
c leavage;  f e l d s p a r ( ? )  now p i n k i s h  and ye l lowish  c l a y ;  
some vugs, i r r e g u l a r  shape,  l i n e d  wi th  v e r y  f i n e  hemat i t e  
and ye l low v i t r e o u s  mine ra l  
10% d a r k  red-brown c l ay - r i ch  TUFF or sediment;  p o s s i b l y  
a s s o c i a t e d  w i t h  w h i t e  r h y o l i t e ,  r e l a t i o n  n o t  clear; 
p o s s i b l y  crack f i l l i n g  
5,370-5,380 85% w h i t e  RHYOLITE a/a; c o n t a i n  some coarse-grained 
anhedra l  v i t r e o u s  q u a r t z  g r a i n s ;  dark  sugary brown 
mine ra l  p r e c i p i t a t i o n  on vug s u r f a c e s  , a l s o  sugary  
ye l low m i n e r a l  
A-1 6 
-  
15% misce l l aneous ,  most ly  dark  red-brown, l i g h t  blue-green,  
gray ,  and p ink i sh  c l ay - r i ch  material; p ink i sh  v a r i a t i o n  
appea r s  t o  be a l t e r a t i o n  product of a blocky or 
p r i s m a t i c  mine ra l  i n  wh i t e  rock (K-feldspar?) ;  some 
of red-brown v a r i a t i o n  poss ib ly  c l i n g s  t o  r h y o l i t e  
f ragments ;  t r a c e  wh i t e  c r y p t o c r y s t a l l i n e  s i l i c a  v e i n s  
5,380-5,390 a/a;  minor f l a k y  g reen i sh  and wh i t i sh  material  w i th  p e a r l y  
l u s t e r ,  appea r s  a l t e r a t i o n  of f e l d s p a r  ( i n c i p i e n t  ser ic i t i -  
za t ion? )  ; con ta ined  yel low and brown p r e c i p i t a t i o n  i n  vugs;  
conta ined  vague o u t l i n e s  of muscovite pseudomorphs 
Note: t h i s  sample r e l a t i v e l y  heterogeneous 
5,400-5,410 85% w h i t e  RHYOLITE, predominantly c r y p t o c r y s t a l l i n e ,  wi th  
odd-shaped q u a r t z  v e i n s  of in te rgrowths ;  p a r t l y  
k a o l i n i z e d  and poss ib ly  s l i g h t l y  s e r i c i t i z e d ,  trace 
p o s s i b l e  ox id i zed  mafic  minera l ;  abundant da rk  brown and 
ye l low p r e c i p i t a t i o n  l i n i n g  vugs; t r a c e  drusy q u a r t z  
15% misce l l aneous  vo lcan ic  and sediment fragments 
5,410-5,420 a/a; v a r i a b l e  pas t e l - co lo red ,  p ink i sh ,  g reen i sh ,  g r a y i s h ;  
much v i t r e o u s  q u a r t z  p r e s e n t ,  apparent  ve ins  
Note: n o t i c e a b l e  dec rease  in red-brown weather ing s t a i n  
and da rk  red-brown c l ay - r i ch  material  
5,420-5,430 a/a; m u l t i c o l o r e d  p a s t e l s ;  t rac  whi te  s i l i ca  v e i n s ,  trace 
drusy  q u a r t z  on s u r f a c e s  of  some fragments;  trace b l u i s h  
a l t e r a t i o n  w i t h  f i n e  disseminated p y r i t e ;  a l t e r e d  mica 
phenocrys ts  up t o  3 mm 
Note: comple te  absence of any mafic  mine ra l s  
5,430-5,440 a /a ;  minor s o f t  wh i t e  k a o l i n i t e  a l t e r a t i o n ;  l o c a l l y  s l i g h t l y  
g reen i sh  d i s c o l o r a t i o n ;  contained minor hemat i te  s t a i n  and 
c o a t i n g s ;  conta ined  minor bronze-colored and ye l low drusy  
c r y s t a l  c o a t i n g s  on vug s u r f a c e  
N o t e :  Tex tu re  i s  i n d i s t i n c t  and the  r e l a t i o n  between 
q u a r t z  and t h e  rest  of t h e  rock  i s  unc lea r ;  no r ecogn izab le  
mafic  m i n e r a l s  are p r e s e n t ;  t h e  amount of hemat i t e  s t a i n i n g  
has  d iminished;  no d i s t i n c t  c h l o r i t e  clumps are p r e s e n t ,  
r e p r e s e n t i n g  former maf ic  minera ls ;  much of wh i t e  m a t e r i a l  
s t i l l  a p p e a r s  t o  be  c r y p t o c r y s t a l l i n e  - no d i s t i n c t  f e l d s p a r  
c leavages  are v i s i b l e ;  some g r a i n s  sugges t  i n - s i t u  co- 
existence of l e u c o c r a t i c  fragments and s o f t  b l u i s h  and 
da rk  brown material, b u t  t h e  r e l a t i o n  is  unclear .  
5,440-5,450 80% RHYOLITE, whi te ,  c r y p t o c r y s t a l l i n e ,  p a r t l y  a l t e r e d  
o r  weathered ,  l o c a l l y  b l u i s h  and g ray i sh  co lo red ;  
trace h e m a t i t e  s t a i n ,  trace bronze t o  da rk  red-brown 
p r e c i p i t a t i o n  on f r a c t u r e  s u r f a c e  and vug s u r f a c e s ;  
no v i s i b l e  mafic mine ra l s  
fragments, probably t u f f s  and sediments;  trace c h e r t  
and metasediment f ragments  













a /a ;  30% misce l laneous  fragments ,  mos t ly  slough from up-hole 
a / a ;  t race s e r i c i t e  pseudomorphs a f t e r  m i c a  phenocrysts  
some brown c l ay - r i ch  fragments a l s o  have bronze-colored 
c o a t i n g  (poss ib ly  -- i n  s i t u  co-exis tence?) ;  trace very  f i n e -  
g ra ined  q u a r t z i t e  or  a p l i t e ,  v i t r e o u s ,  w i t h  t i n y  intergrown 
c h l o r i t e ( ? )  c r y s t a l s ;  some green/whi te  and brown/white 
s t r e a k y  sheared material and trace waxy green  material 
(gouge?) . 
a/a, more heterogeneous; much qua r t z - r i ch  material appears  
g r a n u l a r  ( l i k e  q u a r t z i t e ) ;  some obvious q u a r t z  ve in ing  
l o c a l l y ;  more v a r i a b l e  co lo r ,  p i n k i s h ,  b l u e i s h ,  g ray i sh ,  
r edd i sh ;  conta ined  bronze- o r  copper-red vug l i n i n g ;  poss ib ly  
v o l c a n i c  sediment? 
Same as 5,470-5,480: v a r i a b l e  t e x t u r e s  and c o l o r s ;  
Note: 25% obvious s lough from up-hole 
Same as 5,470-5,480; even wider v a r i a t i o n  i n  c o l o r ,  i n c l u d e s  
some g r a i n s  w i t h  sp lo t chy  dark-green c h l o r i t e ;  poss ib ly  
v o l c a n i c  conglomerate?; contained much s lough 
METACONGLOMERATE(?), whi te  and p a r t e 1  c o l o r s ,  occas iona l ly  
d a r k  green ,  c las ts  of wh i t e  t o  g r a y i s h  q u a r t z i t e ,  c h l o r i t i z e d  
maf i c  igneous rock ,  s i l i c i f i e d  b e f o r e  metamorphism; conta ined  
trace copper-red s u r f a c e  coa t ings  
a/a; less t e x t u r e  and c o l o r  v a r i a t i o n ;  much c r y p t o c r y s t a l l i n e  
rock ,  whi te ,  g reen i sh ,  g ray i sh ,  and p ink i sh ;  very  l i t t l e  
q u a r t z ;  trace p y r i t e  i n t e rg rowths  w i t h  q u a r t z ,  some g r a i n s  
very  dark  green  wi th  c h l o r i t e  
a/a; less c o l o r  v a r i a t i o n ,  more v i t r e o u s  q u a r t z ;  conta ined  
minor chlorite-rich fragments;  trace s e r i c i t i z e d ( ? )  mica 
crystals; trace p y r i t e  i n t e rg rowths  w i t h  qua r t z  and c h l o r i t e ;  
minor q u a r t z i t e ;  trace s l i c k e n s i d e s  
Note: t h i s  sample appea r s  c l o s e r  t o  r h y o l i t e  
a/a; less c o l o r  v a r i a t i o n ;  much g r a n u l a r  q u a r t z ;  much 
hackly  wh i t e  c r y p t o c r y s t a l l i n e  material w i t h  occas iona l  
p e a r l y  wh i t e  muscovi te  pseudomorphs; c h l o r i t e  coa t ings  on 
p l a n a r  s u r f a c e ,  o c c a s i o n a l l y  w i t h  s l i c k e n s i d e s ,  a s s o c i a t e d  
w i t h  calci te .  
RHYOLITE ( t u f f ? ) ,  mos t ly  whi te ,  p a r t l y  w i t h  g reen i sh  o r  
g r a y  t i n t ;  some g r a i n s  green  ( c o n t a i n  c h l o r i t e ) ,  p o s s i b l y  
l i t h o l o g i c  i n c l u s i o n s ;  most milky,  c r y p t o c r y s t a l l i n e ,  some 
v i t r e o u s  q u a r t z  g r a i n s ;  sone s e r i c i t i z e d  m i c a  f l a k e s ;  t r a c e  
p y r i t e  
a / a ;  trace microgranular  qua r t z  w i t h  t i n y  i n t e r s t i t i a l  g reen  


















a/a;  extreme l e u c o c r a t i c ,  no mafic  mine ra l s ;  contained 
s e r i c i t e  pseudomorphs a f t e r  mica 
a/a;  extremely l e u c o c r a t i c ,  no mafic  mine ra l s  
a/a; extremely l e u c o c r a t i c ;  t r a c e  drusy  qua r t z ;  no v i s i b l e  
m i c a  pseudomorphs 
a /a ;  no v i s i b l e  mica pseudomorphs 
a/a; no v i s i b l e  mica pseudomorphs 
a/a; no v i s i b l e  mafic  minera ls ;  trace mica pseudomorphs; 
trace whi t e  c r y p t o c r y s t a l l i n e  s i l i ca  v e i n s ;  t r a c e  c h l o r i t e /  
ca lc i te  g r a i n s  
a/a;  fragments  more d i v e r s e  c o l o r  (whi te ,  g r a y i s h ,  g r e e n i s h ) ,  
some c h l o r i t e - r i c h ;  some fragments  have waxy, sheared look;  
probably  l i t h i c  t u f f  
Note: contained trace copper-red p r e c i p i t a t i o n  on some 
surf aces 
a/a; contained d i v e r s e  c o l o r  and t e x t u r e ;  probably l i t h i c  
t u f f  
a/a; g r e a t  d i v e r s i t y  i n  c o l o r ,  t e x t u r e  appea r s  v o l c a n i c  
sediment  o r  l i t h i c  t u f f  
a/a; conta ined  g r e a t  d i v e r s i t y  i n  c o l o r ,  t e x t u r e ;  some 
copper-red p r e c i p i t a t i o n  i n  vugs; conta ined  occas iona l  
se r ic i te  pseudomorphs af ter  m i c a ;  trace waxy, s l i ckens ided  
s h e a r  s u r f a c e s  
a/ a 
a/a; trace c o a r s e  calcareous fragments; contained trace 
p y r i t e ,  unevenly disseminated 
RHYOLITE, whi te  g rades  t o  g r a y i s h  and g r e e n i s h ,  crypto-  
crystal l ine to  m i c r o c r y s t a l l i n e ,  v a r i a b l e  t e x t u r e  l o c a l l y  
banded; o c c a s i o n a l l y  p e a r l y  ser ic i te  pseudomorphs of m i c a  
phenocrys ts ;  trace p y r i t e  i n  clumps and i n  s t r e a k s ;  trace 
d a r k  g reen  waxy fragments  w i t h  s l i c k e n s i d e s ;  trace very 
f i n e  b l a c k  need le s  ( tou rma l ine? ) ;  some mic rogranu la r s ,  
crumbly wh i t e  material 
a/a; v e r y  abundant (50%) a l t e r a t i o n  t o  l i g h t  brownish 
g r e a s y  material ( i n c i p i e n t  s e r i c i t i z a t i o n ? ) ;  contained 
d i v e r s e  t e x t u r e s  and c o l o r s ;  conta ined  trace microgranular  
white material 
a/a;  much s e r i c i t i c ( ? )  a l t e r a t i o n ;  trace c o a r s e  q u a r t z  
f ragments  
A-19 
-  
5,710-5,720 60% whi te  c r y p t o c r y s t a l l i n e  RHYOLITE a /a  wi th  much s e r i c i t i c ( ? )  
40% f ine-gra ined  GRANITE wi th  g reen i sh  and brownish mica, 
a l t e r a t i o n  
s l i g h t l y  k a o l i n i z e d  
5,720-5,730 80% GRANITE, wh i t e ,  w i t h  q u a r t z ,  f e l d s p a r  ( p a r t l y  kao l in i zed )  
and minor l i g h t  g reen i sh  gray  and brownish m i c a ;  common 
d isseminated  p y r i t e ;  t race waxy sheared mater ia l  
20% whi te  t o  g r a y i s h  c r y p t o c r y s t a l l i n e  RHYOLITE a /a ,  p a r t l y  
a1 t ered  
5,730-5,740 a/a;  95% GRANITE; mica i s  b i o t i t e ,  poss ib ly  a l t e r i n g  t o  
muscovite 
Note: r a p i d  d r i l l i n g  s i n c e  ~ 5 , 7 2 0  
5,740-5,750 GRANITE, wh i t e ,  f i ne -g ra ined ,  w i t h  qua r t z ,  f e l d s p a r ,  mica 
5,750-5,760 a/a 
5,760-5,770 a/a;  t r a c e  gray-brown waxy sheared  material;  micas are  
green-gray and copper-brown (muscovite and b i o t i t e ? )  
trace k a o l i n i t e  w i t h  i n t e r s p e r s e d  mica; no se r ic i te ,  no 
p y r i t e  
5,770-5,780 a/a; mica predominant ly  brown; trace gray-brown waxy 
sheared  material; trace sericite;  no p y r i t e  
5,780-5,790 a/a; m i c a  predominant ly  brown; trace gray-brown waxy 
sheared  material; trace ser ic i te ,  no p y r i t e  
5,790-5,800 a/a; m i c a  predominant ly  brown; trace b lack  b i o t i t e ;  trace 
w a x y  sheared  material; trace se r i c i t e ,  no p y r i t e  
5,300-5,310 a/a; mica Predominant ly  brown; t race waxy sheared  material; 
trace sericite; trace pyrite 
5,810-5,820 a/a; trace ser ic i te ;  trace w a x y  sheared material; micas 
g reen i sh  and brown as b e f o r e ,  common c r y p t o c r y s t a l l i n e  
g reen i sh ,  brownish and w h i t e  r h y o l i t e  f ragments;  no p y r i t e  
Note: t h i s  sample h a s  a s l i g h t l y  d i f f e r e n t  appearance,  
p o s s i b l y  b r e c c i a t e d  i n  p a r t  
5,820-5,830 a/a;  trace waxy sheared  material;  trace sericite;  trace 
p y r i t e  
5,830-5,840 GRANITE, wh i t e ,  f ine-gra ined ,  w i t h  qua r t z ,  f e l d s p a r  
( p a r t l y  k a o l i n i z e d ) ,  and g reen i sh  and brownish m i c a ;  
common hard  w h i t i s h  c r y p t o c r y s t a l l i n e  r h y o l i t e  w i t h  g reen i sh  
s p l o t c h e s ,  trace waxy shea r  s u r f a c e s ;  poss ib ly  mic robrecc ia t ed  
t e x t u r e s  
Note: t h i s  sample looks  more quar tz - r ich  and more competent 
than  above; l a r g e r  c u t t i n g s  s i z e  
A-20 
5,840-5,850 40% GRANITE a/a;  remainder very heterogeneous fragments 
i nc lud ing  abundant wh i t e  c r y p t o c r y s t a l l i n e  r h y o l i t e  and 
abundant pa l e  brown m i c r o c r y s t a l l i n e  a l t e r e d  m a t e r i a l  w i th  
p e a r l y  l u s t e r ,  common f ine-grained p o l y c r y s t a l l i n e  qua r t z  
f ragments  
5,850-5,860 80% very  heterogeneous fragments ,  i nc lud ing  greenish  
vo lcan ic  and metavolcanic  rocks ,  v e r y  f ine-gra ined  
q u a r t z  aggrega te  (poss ib ly  v e i n  m a t e r i a l ) ,  wh i t e  
c r y p t o c r y s t a l l i n e  r h y o l i t e ,  wh i t e  k a o l i n i t e ,  pea r ly  
se r ic i te  
20% GRANITE a/a 
Note: ve ry  heterogeneous sample; p o s s i b l y  c o n t a c t  zone 
5,860-5,870 50% vo lcan ic  and metavolcanic  f ragments  i n  v a r i a b l e  s t a g e s  
of a l t e r a t i o n  from n e a r l y  f r e s h  b a s a l t  to b i o t i t e  
amphibol i te  
40% GRANITE a/a 
10% l i g h t  co lo red  qua r t z - r i ch  microgranular  rock ,  l o c a l l y  
10% c r y p t o c r y s t a l l i n e  wh i t e  RHYOLITE, p a r t l y  a l t e r e d  t o  
Note: ve ry  heterogeneous c u t t i n g s  
wi th  much in te rgrown m i c a  ( g r e i s e n ? )  
greasy  brownish material 
5,870-5,880 50% v a r i a b l y  a l t e r e d  and r e c r y s t a l i z e d  mafic  vo lcan ic  rock 
a/a;  s l i g h t l y  more modified; i n c l u d e s  g reen i sh  f e l t y  
rock and brownish and g reen i sh  b l a c k  b i o t i t e  w i t h  
hornblende 
30% misce l laneous ,  i n c l u d e s  p o l y c r y s t a l l i n e  q u a r t z  ( v e i n s ? ) ,  
w h i t e  c r y p t o c r y s t a l l i n e  r h y o l i t e  ( s lough?) ,  brownish 
myloni te (?)  
20% GRANITE a/a  
Note: some fragments  have s l i g h t l y  po l i shed  s u r f a c e s  
5,880-5,890 50% mesoc ra t i c  and me lanoc ra t i c  f ragments ,  most ly  b i o t i t e -  
r i c h ,  l o c a l l y  c h l o r i t i z e d ,  w i t h  intergrown qua r t z ,  
f e l d s p a r ,  calcite,  p y r i t e ;  p o s s i b l y  q u a r t z  v e i n s ;  
trace waxy shea red  mater ia l ;  trace fragments  w i t h  r e l i c t  
vo lcan ic  texture 
30% GRANITE a/a and w h i t e  r h y o l i t e  
20% heterogeneous l e u c o c r a t i c  f ragments  w i t h  h i g h l y  v a r i a b l e  
t e x t u r e  and g r a i n  s i z e ,  c r y p t o c r y s t a l l i n e  t o  f i n e -  
gra ined;  c o n t a i n s  q u a r t z ,  f e l d s p a r ,  z e o l i t e ( ? ) ,  l o c a l l y  
wi th  abundant brownish and g reen i sh  m i c a ;  s t r e a k y  i n  
p a r t ,  l o c a l l y  kao l in i zed  
5,890-5,900 a/a; trace d r u s y  q u a r t z  on f r a c t u r e  s u r f a c e s ;  t rac ep ido te  
i n  me lanoc ra t i c  f ragments ,  d i sseminated  and i n  veinlets;  
s l i g h t l y  more l e u c o c r a t i c ;  t race ca l ca reous  v e i n s  
5,900-5,910 a/a; trace e p i d o t e  a s s o c i a t e d  wi th  me lanoc ra t i c  rock;  trace 




5,910-5,920 a / a ;  i n c r e a s e  i n  extremely f ine-grained l e u c o c r a t i c  (qua r t z  
and z e o l i t e ? )  f ragments  w i t h  v a r i a b l e  t e x t u r e  and v a r i a b l e  
m i n e r a l  p ropor t ions ;  conta ined  t r a c e  ep ido te ;  some waxy 











a/a; contained i n c r e a s e  l e u c o c r a t i c  f r a c t i o n ,  i n c l u d e s  
g r a n i t e  and r h y o l i t e ;  trace drusy qua r t z  on f r a c t u r e  sur -  
faces; v a r i a b l e  b i o t i t e  con ten t  i n  qua r t z - r i ch  fragments;  
v e r y  heterogeneous t e x t u r e s  
70% l e u c o c r a t i c  metamorphic(?) fragments,  predominantly 
v e r y  f i n e  gra ined  w i t h  e r r a c t i c  t e x t u r e ;  c o n t a i n s  
q u a r t z ,  f e l d s p a r ,  and minor mica (green  and brown); 
t race i n t e r s t i t i a l  magnet i te ;  i nc ludes  minor k a o l i n i z e d  
fragments;  trace d rusy  qua r t z  c l u s t e r s ;  p o s s i b l y  z e o l i t e  
a l t e r a t i o n  of f e l d s p a r  
20% c r y p t o c r y s t a l l i n e  r h y o l i t e  and g r a n i t e  f ragments  
10% mesocra t ic  and me lanoc ra t i c  f ragments ,  predominant ly  
b i o t i t e - r i c h ,  l o c a l l y  c h l o r i t i c ;  trace l i g h t  green  
low-grade metavolcanic ;  trace waxy green  sheared  
material;  trace p y r i t e  
Note: many fragments are n e a r l y  pure p o l y c r y s t a l l i n e  
q u a r t z  w i t h  green  and brown b i o t i t e l c h l o r i t e  d u s t i n g  
a/a; 95% l e u c o c r a t i c  f ragments  wi th  ve ry  l i t t l e  in te rgrown 
m i c a ;  trace p y r i t e ;  trace metavolcanic f ragments ;  trace 
d r u s y  q u a r t z  f r a c t u r e  coa t ings ;  trace da rk  g reen  w a x y  
shea red  material; con ta ined  very  f ine-gra ined  t e x t u r e ;  
some q u a r t z  i n  l a r g e  c r y s t a l s  (ve ins? )  
a/a; i n c r e a s e  drusy q u a r t z ;  contained minor k a o l i n i z e d  
f ragments  wi th  common s t r e a k y  appearance 
a/a;  conta ined  predominant ly  very  f ine-gra ined  texture; 
common drusy quartz; contained very leucocratic character 
a/a; no v is ib le  drusy  q u a r t z ;  contained trace in te rgrown 
m a g n e t i t e  . 
a/a; s l i g h t l y  inc reased  kao l in i zed  fragments  w i t h  s t r e a k s  
of c h l o r i t e  
a/a; conta ined  trace in te rgrown magnet i te ;  conta ined  v e r y  
heterogeneous t e x t u r e  and minera l  make-up 
a/a; s l i g h t l y  da rke r  average  co lo r  
Note: l a s t  several samples have had no v i s i b l e  d rusy  q u a r t z  
a/a; s l i g h t l y  da rke r  c o l o r ,  bu t  t h i s  sample v e r y  s i l i c i f i e d ;  
many g r a i n s  n e a r l y  pu re  f i n e -  t o  very  f ine -g ra ined  poly- 
c r y s t a l l i n e  qua r t z  w i t h  v a r i a b l e ,  i r r e g u l a r  texture;  t r a c e  
e p i d o t e  a s s o c i a t e d  w i t h  b i o t i t e ;  trace d i s semina ted  p y r i t e  
A-22 
. - . . . . . - . . . . . . . . . . . .. . . . - . . . . . . . 
6,020-6,030 a/a;  da rke r  c o l o r  ( o v e r a l l  i n c r e a s e  b i o t i t e / c h l o r i t e ) ,  
conta ined  microgranular  t e x t u r e ;  t r a c e  green-black amphi- 
b o l i t e  f ragments ,  trace l i g h t  green metavolcanic fragments;  
widespread k a o l i n i z a t i o n ,  most g r a i n s  a f f e c t e d  somewhat; 
trace disseminated p y r i t e  
6,030-6,040 a / a ;  s l i g h t l y  da rke r  c o l o r ;  t r a c e  b io t i t e - amph ibo l i t e  
w i t h  e p i d o t e ;  conta ined  wide g ra in - s i ze  v a r i a t i o n ;  wide- 
sp read  k a o l i n i z a t i o n ,  trace disseminated p y r i t e ;  widespread 
c h l o r i t e ,  e s p e c i a l l y  i n  k a o l i n i z e d  fragments;  trace ca l ca reous  
v e i n s  
6,040-6,050 80% heterogeneous l e u c o c r a t i c  f ragments ,  gua r t z - r i ch ,  
predominantly extremely f ine-gra ined ,  ‘ c o n t a i n s  qua r t z ,  
f e l d s p a r  ( p a r t l y  t o  completely kao l in i zed )  b i o t i t e  
and c h l o r i t e  ( a f t e r  b i o t i t e ? )  w i th  trace magnet i te  
and disseminated p y r i t e ;  i nc lude  %25% fragments w i th  
only  k a o l i n i t e  and c h l o r i t e ,  most ly  w i t h  s t r e a k y  
sheared  appearance,  a l s o  trace ser ic i te ,  minor l a r g e  
f e l d s p a r ,  q u a r t z ,  and ca l ca reous  fragments;  t r a c e  
wh i t e  c r y p t o c r y s t a l l i n e  r h y o l i t e  
and c h l o r i t e  wi th  trace e p i d o t e  and ca l c i t e ,  v a r i a b l y  
intergrown w i t h  q u a r t z  and f e l d s p a r  
20% mesocra t i c  and me lanoc ra t i c  f ragments ,  r i c h  i n  b i o t i t e  
6,050-6,060 a /a  
6,060-6,070 a /a ;  dec rease  k a o l i n i z a t i o n ;  decrease  c h l o r i t z a t i o n  
6,070-6,080 a/a;  i n c r e a s e  w h i t e  c r y p t o c r y s t a l l i n e  banded (and/or  
ve ined)  r h y o l i t e  f ragments  and coa r se  f e l d s p a r / q u a r t z  
f ragments  ( t o g e t h e r  20%); minor k a o l i n i z a t i o n ;  trace 
d rusy  q u a r t z  
6,080-6,090 a/a; sample  inc ludes  30% w h i t e  t o  g reen i sh  and g ray i sh  
c r y p t o c r y s t a l l i n e  RHYOLITE(?) and minor GRANITE wi th  
brown mica; minor k a o l i n i z a t i o n  
6,090-6,100 a/a; sample inc ludes  10% w h i t e  t o  g reen i sh  and g ray i sh  
c r y p t o c r y s t a l l i n e  RHYOLITE(?); contained predominantly very  
f i n e - g r a i n  t e x t u r e ;  widespread b u t  less i n t e n s e  kao l in i za -  
t i o n ;  Note: no drusy  q u a r t z  no ted  s i n c e  6,080 f e e t  
6,100-6,110 a/a; sample i n c l u d e s  10% w h i t e  t o  g reen i sh  and g ray i sh  
c r y p t o c r y s t a l l i n e  RHYOLITE (with trace ser ic i te  pseudo- 
morphs of m i c a  phenoc rys t s ) ,  s l i g h t l y  a l t e r e d  i n  p a r t  
( i n c i p i e n t  se r ic i te?) ;  minor quartz-feldspar-mica 
GRANITE; trace v o l c a n i c  ( a n d e s i t e ? )  f ragments;  trace drusy 
q u a r t z ;  trace tourmal ine  in te rgrown w i t h  c o a r s e  qua r t z  and 
f e l d s p a r ;  minor k a o l i n i z a t i o n  
A-23 
h 
6,110-6,120 a/a; more melanocratic, less kaolinized (larger cuttings); 
includes 5% cryptocrystalline rhyolite fragments, 5 %  
recognizable volcanic and metavolcanic fragments; trace 
GRANITE; contained trace disseminated pyrite; Note: very 
competent rock; samples have become progressively more 
melanocrat ic 
6,120-6,130 a/a; more melanocratic (60% leucocratic fragments); minor 
cryptocrystalline rhyolite fragments; minor metavolcanic 
fragments; minor kaolinization; contained very fine-grained 
but highly variable texture; quartz in large crystals in 
part 
6,130-6,140 a/a; minor cryptocrystalline rhyolite fragments; trace 
metavolcanic fragments; trace drusy quartz crystals; trace 
epidote in melanocratic fragments; widespread chloritiza- 
tion of biotite, zeolitization and kaolinization of feld- 
spar; quartz possibly in veins 
6,140-6,150 90% leucocratic metamorphic fragments, predominantly very 
fine-grained but variable; feldspar-rich with abundant 
quartz (introduced?) and biotite/chlorite; feldspar 
vitreous to milky, possibly zeolitized in part, kaolin- 
ized in part; trace magnetite; trace black tourmaline 
intergrown with coarser quartz and feldspar; trace drusy 
quartz 
10% mesocratic and melanocratic fragments, mostly biotite 
and chlorite-rich, usually with intergorwn quartz and 
feldspar; trace epidote; includes minor andesite frag- 
ments; trace disseminated pyrite 
6,150-6,160 a/a; increase kaolinization; trace drusy quartz; trace 
epidote in melanocratic fragments; trace graniite fragments; 
Note, here and above; quartz primarily in large crystals, 
possibly veins in fine-grained rock 
6,160-6,170 a/a; very.leucocratic; includes 10% white t o  grayish 
cryptocrystalline rhyolite, partly altered (sericitized?) 
. contained highly variable texture 
, 
6,170-6,180 a/a; widespread zeolitization(?) and chloritization; minor 
kaolinization; predominantly sugary white feldspar (or 
zeolite?) with streaks and blebs of chlorite; trace crypto- 
crystalline rhyolite; sample very leucocratic 
6,180-6,190 a/a; minor kaolinization; contained' trace interstitial 
magnetite; trace intergrown tourmaline; 10% white crypto- 
crystalline rhyolite fragments 
6,190-6,200 a/a; 5 %  cryptocrystalline rhyolite fragments, slightly 
sericitized in part; trace kaolinization; contained 
disseminated pyrite 
A-24 
6,200-6,210 a/a;  20% whi te  t o  g r a y i s h  c r y p t o c r y s t a l l i n e  r h y o l i t e  
f ragments  wi th  q u a r t z  and f e l d s p a r  phenocrys ts  and round 
i n c l u s i o n s  of very  f ine-gra ined  q u a r t z i t e ;  t race kaol in-  
i z a t i o n ;  t r a c e  drusy q u a r t z ;  t r a c e  tourmal ine  pr isms;  













a/a;  minor wh i t e  t o  g r a y i s h  c r y p t o c r y s t a l l i n e  RHYOLITE, 
p a r t l y  s e r i c i t i z e d ;  trace k a o l i n i z a t i o n ;  Note: t h i s  
sample predominantly extremel’y f ine-gra ined  
a/a; 10% whi te  t o  g r a y i s h  c r y p t o c r y s t a l l i n e  RHYOLITE, 
o c c a s i o n a l l y  mot t led ,  w i t h  qua r t z  phenocrys ts ;  trace drusy 
q u a r t z  on f r a c t u r e d  s u r f a c e s ;  contained trace f ine-gra ined  
GRANITE wi th  brown mica; t r a c e  green w a x y  sheared  material; 
no k a o l i n i z a t i o n  
a/a; 10% whi t e  t o  g r a y i s h  c r y p t o c r y s t a l l i n e  RHYOLITE, 
s l i g h t l y  s e r i c i t i z e d  i n  p a r t ;  t r a c e  drusy  q u a r t z ;  trace 
k a o l i n i z a t i o n ;  much coarse-grained q u a r t z  
a/a;  minor c r y p t o c r y s t a l l i n e  RHYOLITE; Not,e: t h i s  rock 
i s  mos t ly  extremely f ine-gra ined ,  and maf ic  mine ra l s  tend 
t o  b e  more concen t r a t ed  i n  c l o t s  
Contac t  metamorphic r o c k ,  wh i t e  t o  green ,  predominantly 
ex t remely  f ine-gra ined ,  b u t  v a r i a b l e  t o  f ine-gra ined;  
c o n t a i n s  qua r t z ,  f e l d s p a r  ( a l b i t e ? ) ,  c h l o r i t e ,  t race 
p y r i t e ;  t e x t u r e  erratic,  most ly  sugary and massive, l o c a l l y  
s c h i s t o s e  or f o l i a t e d ;  m i n e r a l  p ropor t ions  a l s o  v a r i a b l e ,  
w i t h  m a f i c  mine ra l s  concen t r a t ed  i n  s t r e a k s  and sp lo t ches ;  
trace g r a n i t e  f ragments;  trace c r y p t o c r y s t a l l i n e  r h y o l i t e  
f ragments ;  Note: change i n  d e s c r i p t i o n  format  does n o t  
imply sudden change i n  rock  c h a r a c t e r  
a/a; 5% c r y p t o c r y s t a l l i n e  r h y o l i t e  f ragments ,  s l i g h t l y  
s e r i c i t i z e d  i n  p a r t  
a/a; trace e p i d o t e  i n  mafic fragments  
a/a; c o a r s e r  average g r a i n  s i z e ;  i n c r e a s e  q u a r t z  con ten t  
(most ly  coarse-gra ined)  0 
a/a;  trace metavolcanic  f ragments  
a/a; trace drusy  q u a r t z  on f r a c t u r e d  s u r f a c e s  
a/a; minor c r y p t o c r y s t a l l i n e  r h y o l i t e  f ragments;  minor 
k a o l i n i z a t i o n  













6 , 430-6,440 
Contact metamorphic rock, white, gray, greenish, predominantly 
extremely fine-grained; contains feldspar (and/or zeolite?), 
biotite, chlorite, muscovite, quartz (mostly coarser-grain, 
possibly vein mineral), trace disseminated pyrite, trace 
interstitial magnetite; texture and grain size variable, 
predominantely granular with biotite/chlorite-rich streaks 
and splotches, occasionally schistose o r  foliated; trace 
granite.and rhyolite fragments; trace drusy quartz 
ala; minor kaolinization 
a/a; biotitejchlorite more evenly distributed; minor 
kaoliniza tion 
a/a; more mafic, some fragments nearly black, contains 
hornblende (often in much larger crystals than average 
grain size of rock); contained trace granite and crypto- 
crystalline rhyolite fragments 
a/a; common light brown greasy cryptocrystalline, altered 
RHYOLITE; trace kaolinization; abundant coarse-grain quartz; 
trace slickensides 
a/a; very leucocratic; virtually no kaolinization, pervasive 
microbrecciated appearance 
a/a; very leucocratic; contained erratic texture; 5% 
cryptocrystalline RHYOLITE 
a/a; very leucocratic, 10% kaolinized; extremely fine- 
grained; contained erratic texture; Note: very fine cuttings 
(1-2 mm) 
a/a; very leucocratic; 15% kaolinized; 15% cryptocrystalline 
rhyolite fragments; trace coase muscovite flakes; Note: very 
fine cuttings (1-2 mm) 
a/a; very leucocratic; 10% kaolinized; trace intergrown 
tourmaline; trace coarse muscovite flakes; contained 
erratic texture and mineral distribution 
Contact metamorphic rock, white, gray, greenish, extremely 
fine-grained but variable texture, microgranulated appearance; 
contain quartz (mostly larger vitreous grains), feldspar 
(mostly altered), chlorite and biotite; trace disseminated 
pyrite; trace interstitial magnetite; trace drusy quartz; 
%25% of grains intensely kaolinized 
Note: very leucocratic sample, relatively even-textured 
a/a; 20% cryptocrystalline rhyolite fragments; 10% kaolin- 
















a/a; more mafic, more variable; includes many fragments 
nearly pure biotite or biotite/chlorite; minor crypto- 
crystalline rhyolite fragments; trace coarse cleavage 
plates of orthorhombic carbonate; minor kaolinization 
a/a; slightly more mafic, more variable; minor kaoliniza- 
tion; Note: extremely fine cuttings 
a/a; more mafic and more variable; contained extremely fine- 
grained texture; 1110% kaolinized; Note: extremely fine 
cuttings 
a/a; more mafic; ~ 3 0 %  kaolinized; trace orthorhombic 
cabonaceous cleavage plates; Note: extremely fine cuttings 
(-1 mm) 
a/a; ' ~ 4 0 %  kaolinized 
a/a; slightly more mafic; ' ~ 5 %  kaolinized fragments; trace 
drusy quartz 
a/a; slightly more mafic, minor kaolinized fragments; 
contained extremely fine-grained microgranulated appearance 
a/a; 5% kaolinized fragments; 5% cryptocrystalline rhyolite 
fragments, partly with greasy sericitized(?) appearance 
a/a; slightly more mafic; 20% kaolinized fragments; trace 
colorless clear aragonite cleavage fragments, 20% crypto- 
crystalline rhyolite fragments 
Contact metamorphic rock, white, greenish, gray, predominantly 
extremely fine-grained; contain feldspar (mostly altered to 
kaolinite, muscovite and zeolite(?), quartz (often in relatively 
large grains), chlorite (after biotite?), trace disseminated 
pyrite, trace interstitial magnetite, trace epidote in 
mafic fragments; texture and grain size variable and irregular; 
chlorite commonly concentratedin streaks, quartz commun in 
veinlets and large intergrown crystals; 60% of fragments 
kaolinized; 15% cryptocrystalline RHYOLITE fragments, commonly 
altered to light brown greasy minerals, and GRANITE; trace 
aragonite cleavage plates 
a/a; 30% kaolinized fragments; contained trace aragonite 
cleavage plates 
a/a; slightly less mafic; 10% kaolinized fragments; contained 
trace cryptocrystalline rhyolite and granite 
a/a; 30% kaolinized grains 
a/a; 40% kaolinized grains; 20% cryptocrystalline rhyolite 




















ala; 60% kaolinized fragments; 15% rhyolite and granite ' 
fragments; Note: very incompetent rock dispite slow drill 
rate 
ala; 30% kaolinized fragments; minor 
fragments 
a/a; 10% kaolinized fragments; minor 
fragments 
a/a; 5% highly kaolinized fragments; 
rhyolite and granite 
. 
rhyolite and granite 
30% cryptocrystalline 
RHYOLITE, partly altered to light brown greasy mineraly, 
and minor granite fragments; Note: coarser cuttings ( 3 - 4  mm);  
more competent rock 
a/a; trace kaolinization; coarser-grained, more quartz-rich, 
more competent; trace calcareous coatings on fractured 
surfaces; 10% rhyolite and granite fragments; Note: contained 
large cuttings (to 5 am) 
a/a; 10% kaolinized fragments, contained erratic texture 
a/a; 5% kaolinized fragments; minor rhyolite and granite 
fragments 
Contact metamorphic rock, white and green-gray, predominantly 
very fine-grained; contains feldspar, quartz (mostly large 
grains), biotite, chlorite (after biotite?), trace disseminated 
pyrite, trace interstitial magnetite, rare epidote; texture 
and grain size variable and irregular, commonly streaky with 
chlorite concentrations; no relict texture; quartz possibly in 
veinlets in part; 20% highly kaolinized grains 
a/a; minor kaolinization 
a/a; 20% kaolinized fragments 
a/a; minor kaolinization; trace muscovite intergrown with 
feldspar mosaics; trace large disaggregate muscovite flakes 
a/a; trace large muscovite flakes; 40% kaolinized fragments 
a/a; trace large muscovite flakes; associated with white 
feldspar; 10% kaolinized fragments; Note: this sample has 
relatively large biotite:chlorite ratio 
a/a; 20% kaolinized fragments; trace drusy quartz 
a/a; 30% kaolinized fragments; trace d'isaggregated muscovite 
flakes; trace schistose texture 
a/a; minor kaolinization; trace slender tourmaline prisms; 
contained trace rhyolite and granite fragments 
A-28 
6,740-6,750 a/a;  10% k a o l i n i z e d  fragments;  t r a c e  drusy qua r t z ;  trace 
s l ende r  b l ack  p r i s m a t i c  tourmaline 
6,750-6,760 a /a ;  10% k a o l i n i z e d  fragments;  conta ined  t r a c e  s l e n d e r  
b l ack  tourmal ine  pr i sms ,  a s s o c i a t e d  w i t h  f ine-gra ined  
f e l d s p a r  
6,760-6,770 a/a;  10% k a o l i n i z e d  fragments;  common b lack  tourmaline 
need le s ,  sometimes i n  r a d i a t i n g  c l u s t e r s ;  t r a c e  drusy qua r t z  
6,770-6,780 a/a;  minor k a o l i n i z a t i o n ;  trace b lack  tourmal ine  pr isms,  
o c c a s i o n a l l y  concent ra ted  i n  s t r e a k s ;  o c c a s i o n a l l y  s c h i s t o s e  
t e x t u r e  
6 , 7 8 0 4 , 7 9 0  Contact  metamorphic rock ,  predominantly green-gray, very  
f ine -g ra ined ,  conta ined  f e l d s p a r  ( p a r t l y  a l t e r e d  t o  musco- 
v i te ,  k a o l i n i t e ,  p o s s i b l y  z e o l i t e ) ,  q u a r t z  (not  abundant,  
most ly  i n  l a r g e  g r a i n s ) ,  c h l o r i t e  (evenly  d i s t r i b u t e d  i n  
some fragments ,  sp lo t chy  o r  s t r e a k y  i n  o t h e r s ) ,  muscovite;  
common d isseminated  p y r i t e ,  almost no d e t e c t a b l e  magnet i te ;  
t e x t u r e  variable,  b u t  l ess  s o  than  be fo re ,  no re l ic t  t e x t u r e ;  
%60% of  f ragments  h igh ly  kaol in ized  
6,790-6,800 a/a;  s l i g h t l y  more v a r i a b l e  texture and mine ra l  p r o p e r t i e s ;  
i n c r e a s e  q u a r t z  con ten t ;  trace b lack  tourmal ine  pr isms;  
Note: sample c o n t a i n s  15% milky w h i t e  v e i n  q u a r t z  
6,800-6,810 a/a; very  k a o l i n i z e d  sample; Note: much s lough due t o  b i t  
t r i p  a t  6,809 f e e t  
6,810-6,820 a/a; some fragments  con ta in  t r a c e  b i o t i t e ;  70% h i g h l y  
k a o l i n i z e d  fragments  
6,820-6,830 a/a;  h i g h l y  v a r i a b l e  t e x t u r e ;  trace tourmal ine  c r y s t a l s ;  
70% h i g h l y  k a o l i n i z e d  fragments 
6,830-6,840 a/a; darker -co lor ,  more evenly t e x t u r e d  (extremely f i n e -  
g ra ined ) ,  less s t r e a k y ;  trace tourmal ine  crystals; trace 
calci te  in f r a c t u r e s ;  r e l a t i v e l y  l a r g e  c u t t i n g s ;  Note: some 
of da rke r  f ragments  h e r e  could be  m e t a b a s a l t ,  b u t  no recog- 
n i z a b l e  v o l c a n i c  texture remains 
6,840-6,850 a/a; darker -co lor ,  more even-textured;  common tourmaline 
c r y s t a l s  ( in te rgrown w i t h  rock  f a b r i c ) ;  c o n t a i n s  trace 
b i o t i t e ;  brownish e p i d o t e ( ? ) ;  minor mi lky  v e i n  qua r t z ;  
p o s s i b l y  me tabasa l t  
6,850-6,860 a/a; common tourmal ine  c r y s t a l s ,  resume h i g h l y  v a r i a b l e  
t e x t u r e ;  30% k a o l i n i z e d  fragments 
6,860-6,870 a /a ;  more even - t e x t u r e d ;  abundant b l a c k  tourmal ine  
c r y s t a l s ,  common i n  c lusters ;  70% h i g h l y  k a o l i n i z e d  f rag-  
ments;  conta ined  minor v e i n  q u a r t z  
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a /a ;  abundant b l ack  tourmaline c r y s t a l s ,  common i n  c l u s t e r s ,  
a s s o c i a t e d  wi th  v e i n  q u a r t z  as w e l l  a s  intergrown wi th  
rock  f a b r i c ;  some mafic  fragments con ta in  abundant ep ido te ;  
%40% h igh ly  k a o l i n i z e d  fragments 
a/a; common b lack  tourmaline crystals ;  contained v a r i a b l e  
t e x t u r e ;  70% h i g h l y  kao l in i zed  fragments 
ala;  common tourmal ine  c r y s t a l s ;  80% h igh ly  kao l in i zed  
f ragments ;  trace re l ic t  vo lcan ic  t e x t u r e ;  t r a c e  b i o t i t e ,  
e p i d o t e ,  and p o s s i b l y  hornblende i n  mafic  fragments 
a/a; trace tourmal ine ;  t race b i o t i t e  and hornblende i n  
mafic fragments;  30% h i g h l y  kaol in ized  fragments 
a la ;  g e n e r a l l y  more m a f i c ,  wi th  unusual ly  abundant b i o t i t e -  
r i c h  f ragments  and d i v e r s e  i r r e g u l a r  t e x t u r e s ,  some poss ib ly  
MYLONITE o r  MICROBRECC I A  
a l a ;  v e r y  heterogeneous t e x t u r e s ,  i nc ludes  some wi th  abundant 
c o a r s e  ,brownish m i c a  i n  c r y p t o c r y s t a l l i n e  wh i t e  ma t r ix  (some 
f ine-gra ined  e q u i v a l e n t  as w e l l ) ;  some s t r e a k y  sheared 
material; trace s l i c k e n s i d e d  su r faces ;  common brownish wh i t e  
s t r e a k y  k a o l i n i t e  'w i th  s l i c k e n s i d e s ;  Note: d r i l l e r  r e p o r t s  
d r i l l  s t r o n g  bouncing i n  t h i s  i n t e r v a l  
a/a; conta ined  heterogeneous t e x t u r e s ,  some ve ry  i r r e g u l a r ,  
p o s s i b l y  cataclastic; trace pol i shed  shea r  s u r f a c e s ;  abundant 
c o a r s e  m i c a ,  p a r t l y  c h l o r i t i z e d ;  trace s o f t  b l u i s h  and 
g reen  a l t e r a t i o n  material w i t h  s l i c k e n s i d e s ;  widespread 
k a o l i n i z a t i o n ;  trace e p i d o t e  
same as 6 , 930-6 , 940; s l i g h t l y  more uni f  o m  
Contac t  metamorphic rock,  green-gray, extremely f ine-gra ined ,  
c o n t a i n s  f e l d s p a r  (mostly k a o l i n i z e d ) ,  q u a r t z  (minor, 
excep t  i n  v e i n s ) ,  b i o t i t e  (mostly t i n y  g r a i n s ,  l a r g e l y  
c h l o r i t i z e d )  common d isseminated  p y r i t e ,  trace e p i d o t e ,  
trace tourmal ine  ( e s p e c i a l l y  a s s o c i a t e d  wi th  v e i n  q u a r t z ) ;  
t e x t u r e  v a r i a b l e ,  s t r e a k y  i n  p a r t ;  widespread k a o l i n i z a t i o n ;  
%3% vein q u a r t z  w i t h  intergrown tourmaline,  coa r se  g reen i sh  
c h l o r i t e ,  p y r i t e ,  p o s s i b l y  f e l d s p a r  
a/a; trace r e l i c t  v o l c a n i c  t e x t u r e ;  more uniform t e x t u r e ,  
b u t  conta ined  v a r i a b l e  m i n e r a l  p ropor t ions ;  v e i n  q u a r t z  
conta ined  some in te rgrown muscovite;  Note: l a r g e  c u t t i n g s  
( t o  0.5 mm) 
ala;  extensive k a o l i n i z a t i o n  of f e l d s p a r  and c h l o r i t i z a t i o n  
















a/a; extensive kaolinization of feldspar and chloritiza- 
tion of biotite; quartz contained mostly in veins; trace 
drusy quartz on fractured surfaces, contained trace fine- 
grained muscovite associated with vein quartz 
a/a; extensive kaolinzation and chloritization; contained 
highly variable texture and mineral proportions; 3% vein 
quartz (and feldspar?) with intergrown tourmaline, pyrite 
a/a; extensive kaolinization and chloritization; minor 
extremely fine-grained pale brownish quartz-feldspar(?) 
vein material; trace epidote 
a/a; more leucocratic; 40% fragments nearly pure quartz and 
feldspar, variably textured, locally kaolinized 
Contact metamorphic rock, greenish gray to white, very 
fine-grained highly variable texture, contains variable 
proportions of quartz, feldspar, biotite, chlorite, musco- 
vite, epidote, pyrite, kaolinite; generally very leucocratic; 
some mafic grains have slickensides 
a/a; some grains with coarse biotite; contained variable 
texture, generally very leucocratic, moderately kaolinized; 
trace recognizable volcanic fragments 
a/a; contained highly variable textures and mineral 
proportions; extensive kaolinization 
a/a; contained highly variable textures and mineral pro- 
portions; moderate kaolinization; contained common dissem- 
inated pyrite; trace drusy quartz and calcite on fractured 
surf aces 
a/a; trace tourmaline needles; moderate kaolinization 
a/a; increase mafic minerals; trace calcareous veinlets; 
trace drusy quartz on fractured surfaces; minor kaolinization 
a/a; very wide texture variation, includes some cataclastic(?) 
textures; trace sheared chlorite-muscovite fragments; contained 
trace yellow epidote (feldspar alteration?); minor kaolinization 
a/a; trace blue-gray cryptocrystalline silica; very wide tex- 
ture and composition variation; abundant quartz in veins; common 
epidote; trace calcite surface coatings, some coarse quartz- 
feldspar-biotite-muscovite fragments (granite dikes?) 
a/a; contained very wide textures and composition variations; 















ala;  wide composition v a r i a t i o n ,  more uniform very  f i n e -  
gra ined  t e x t u r e ;  common b l u i s h  c r y p t o c r y s t a l l i n e  s i l i c a ;  
common whi t e ,  brownish mot t led  kao l in i zed  fragments (gouge?) ; 
t r a c e  g r a n u l a r  f ragments  (d ikes? )  
a la ;  ve ry  wide t e x t u r e  and composition v a r i a t i o n ;  trace 
b l u i s h  c r y p t o c r y s t a l l i n e  s i l i c a ;  minor k a o l i n i z a t i o n  
a la ;  ve ry  wide t e x t u r e  and composition v a r i a t i o n ;  trace 
b l u i s h  c r y p t o c r y s t a l l i n e  s i l i c a ;  minor g r a n i t e  fragments;  
minor k a o l i n i z a t i o n  
ala;  t r a c e  b l u i s h  c r y p t o c r y s t a l l i n e  s i l i c a ;  t r a c e  c o a r s e  
muscovi te  f l a k e s  and a r a g o n i t e  c leavage  p l a t e s ;  minor 
g r a n i t e  f ragments ;  minor k a o l i n i z a t i o n ;  some l igh t - co lo red  
fragments  w i t h  p e a r l y  sheen; trace muscovi te -ch lor i te  
SCHIST 
Contact  metamorphic rock ,  gray green ,  ve ry  f ine-gra ined ,  
w i t h  r e l a t i v e l y  even t e x t u r e ;  c o n t a i n s  f e l d s p a r  ( p a r t l y  
k a o l i n i z e d ) ,  c h l o r i t e ,  p y r i t e ,  calci te ;  minor q u a r t z  v e i n s ;  
trace ca l ca reous  v e i n s ;  t r a c e  drusy  q u a r t z  on f r a c t u r e d  
s u r f a c e s ;  Note: a b r u p t  change from h igh ly  v a r i a b l e  samples 
OF l a s t  100 f e e t  o r  so  
a/a; h igh ly  v a r i a b l e  extremely f ine-gra ined  t e x t u r e s ,  
s t r e a k y  i n  p a r t ;  trace w a x y  green  mater ia l  wi th  s l i c k e n -  
s i d e s ;  widespread k a o l i n i z a t i o n  
BASALT, da rk  g r a y  ( f r e s h )  grades  t o  n e a r l y  whi te  ( a l t e r e d ) ,  
' a p h a n i t i c  t e x t u r e  w i t h  s p a r s e  p l a g i o c l a s e  phenocrysts  
( f r e s h )  g rades  t o  s t r e a k y  k a o l i n i t e - c h l o r i t e  f ragments  
( a l t e r e d ) ;  many fragments  have sheared  or ca tac las t ic  
appearance 
a/a; more he te rogeneous ;  30% f r e s h  da rk  gray basal t ,  
remainder mos t ly  z e o l i t e ( ? ) - c h l o r i t e - p y r i t e  rock w i t h  
h i g h l y  v a r i a b l e  t e x t u r e ;  l o c a l l y  kao l in i zed ;  common q u a r t z  
v e i n s ;  trace tourmal ine ;  trace s l i ckens ided  s u r f a c e s  
a /a ;comple te ly  a l t e r e d  and ve ined;  extremely heterogeneous 
t e x t u r e s  and mineral p r o p o r t i o n s  
Al t e red  BASALT, l i g h t  t o  da rk  green-gray, ve ry  f ine-gra ined  
w i t h  h igh ly  v a r i a b l e  t e x t u r e ;  con ta ins  predominantly ve ry  
f ine-gra ined  c h l o r i t e  and z e o l i t e  (muscovite?) w i t h  lesser 
q u a r t z  (ve ins  and b l e b s )  and f e l d s p a r ( ? ) ;  minor p y r i t e ,  
e p i d o t e  and tourmal ine ;  trace c r y p t o c r y s t a l l i n e  s i l i ca ;  
trace ca lc i te  c o a t i n g  on f r a c t u r e d  s u r f a c e s ;  trace f r e s h  
BASALT 
ala; extremely d i v e r s e  c u t t i n g s ,  g rades  t o  some n e a r l y  
f r e s h  b a s a l t ;  l o c a l l y  i n t e n s e  k a o l i n i z a t i o n ;  Note: much 
s lough from Tertiary s e c t i o n  
A-32 











a/a; 20% with recognizable volcanic texture; contained 
highly variable textures; contained trace tourmaline; 
minor kaolinization 
Altered BASALT, dark gray to gray-green and white; 30% 
with recognizable volcanic texture, microcrystalline, 
sparse plagioclase phenocrysts; alteration produces light- 
colored granular to crumbly material with variable proportions 
of quartz, chlorite, muscovite, zeolite(?), kaolinite, 
pyrite, epidote; trace calcareous veins, common quartz 
veins 
a/a; 90% recognizable volcanic fragments; minor white 
cryptocrystalline fragments, partly silicified; trace 
tourmaline; trace tiny reddish patches in slightly altered 
rock 
a/a; 70% recognizable volcanic fragments; 20% white crypto- 
crystalline to microcrystalline rock with tiny silica 
streaks and blebs commonly arranged in banded pattern: 
possibly tuff; trace drusy quartz coatings on fractured 
surf aces 
a/a; 20% recognizable volcanic fragments; 30% white crypto- 
crystalline material with silica blebs (tuff?); some altered 
fragments nearly pure muscovite-kaolinite; trace schistose 
and cataclastic textures, trace gouge 
ala; 55% light greenish and brownish alteration products 
(includes yery light green mica or,chlorite) contains 
much white to brownish pearly muscovite; 40% white crypto- 
crystalline silicified rock; 5% recognizable volcanic 
fragments 
a/a; minor recognizable volcanic fragments; 20% white crypto- 
crystalline TUFF(?); remainder highly altered rock with 
widely variable textures and mineral proportions a/a; 
common quartz veins; abundant muscovite-rich fragments w i t h  
semi-schistose texture 
a/a; 10% recognizable volcanic fragments; abundant vein 
quartz; abundant muscovite-rich fragments with occasional 
schistose texture 
70% fine-grained black igneous rock (feldspar laths 1 mm 
or larger) with indistinct texture, contained feldspar 
and pyroxene(?) with abundant magnetite 
30% altered volcanic rocks a/a 
DIABASE, black, brownish black, feldspar laths 1-2 mm, 
interstitial pyroxene and magnetite; mostly very fresh, 














a /a ;  minor wh i t e  c l a y  a l t e r a t i o n ;  common s t r e a k y  and 
s l i c k e n s i d e d  
a/a; v e r y  f r e s h ;  t e x t u r e  less  o p h i t i c  
a/a; some very  f ine-gra ined  fragments;  minor whi te  c l ay  
a l t e r a t i o n ,  s t r e a k y  i n  p a r t ;  trace s l i c k e n s i d e s  and 
g r e e n i s h  gouge; trace waxy green s e r p e n t i n e  
a/a;  appea r s  h igh ly  f r a c t u r e d ,  abundant s u r f a c e s  wi th  
d a r k  g reen  s e r p e n t i n e  c o a t i n g ,  occas iona l ly  wi th  s l icken-  
s i d e s ;  minor s e r p e n t i n e  a l t e r a t i o n  of rock;  Note: t h i s  
i n t e r v a l  d r i l l e d  very  f a s t  
a/a; most ly  very  f r e s h  w i t h  v i t r e o u s  appearance;  t r a c e  
s e r p e n t i n e  on f r a c t u r e d  s u r f a c e s  
a/a; f ine r -g ra ined ,  i n d i s t i n c t  t e x t u r e ;  minor w h i t i s h  c l ay  
a l t e r a t i o n ;  1'0% whi te  t o  l i g h t  gray quar tz - fe ldspar  f r ag -  
ments 
a/a; i n d i s t i n c t ,  v a r i a b l e ,  t e x t u r e ,  g e n e r a l l y  f ine r -g ra ined ;  
minor w h i t i s h  c l ay  a l t e r a t o n ;  trace s l i c k e n s i d e d  s u r f a c e s ;  
30% w h i t e  t o  g ray i sh  qua r t z - f e ldspa r  f ragments ,  p a r t l y  





w h i t e  t o  g ray i sh  qua r t z - f e ldspa r  f ragments  (leuco- 
g r a n i t e ? ) ;  t e x t u r e  i n d i s t i n c t  and v a r i a b l e ;  f e l d s p a r  
most ly  a l t e r e d  t o  muscovi te ,  z e o l i t e ,  and k a o l i n i t e ;  
trace disseminated p y r i t e ;  no mafic  m i n e r a l s  
brownish b l ack  DIABASE a/a 
w h i t e  t o  g ray i sh  and g reen i sh  qua r t z - f e ldspa r  (leuco- 
g r a n i t e ? )  f ragments  w i t h  t r a c e  b i o t i t e ;  f e l d s p a r  
partly altered to muscovite, zeo l i te (?)  and kaolinite; 
much calcite p r e s e n t  a l s o  as a l t e r a t i o n  product  
brownish b l ack  DIABASE a/a 
a/a; 95% LEUCOGRANITE; trace yellow-green e p i d o t e  a s s o c i a t e d  
w i t h  rare b i o t i t e ;  much f ine-gra ined  brownish muscovite 
p r e s e n t ;  conta ined  trace disseminated  p y r i t e ;  minor k a o l i n i -  
z a t i o n  
a/a; n e a r l y  100% LEUCOGRANITE; s l i g h t  i n c r e a s e  b i o t i t e  
w i t h  a s s o c i a t e d  ep ido te ;  commonly sp lo t chy  g reen i sh  d i s -  
c o l o r a t i o n  (due t o  c h l o r i t e ? ) ;  common muscovi te  a l t e r a t i o n  
of f e l d s p a r ;  conta ined  d isseminated  calcite ( a l t e r a t i o n ? ) ;  
trace k a o l i n i z a t i o n  
a/a; n e a r l y  100% LEUCOGRANITE; i nc rease  b i o t i t e  and a s s o c i a t e d  
e p i d o t e ;  10% kao l in i zed  fragments;  Note: g r a n i t e  a l s o  

















a/a; n e a r l y  100% LEUCOGRANITE; ~ 1 %  b i o t i t e  p l u s  magnet i te ,  
bo th  w i t h  a s s o c i a t e d  ep ido te ;  contained p a r t i a l  muscovite 
a l t e r a t i o n  of f e l d s p a r ;  %lo% kaol in ized  fragments;  t r a c e  
s e r i c i t i c  shea red (? )  GRANITE 
90% LEUCOGRANITE, w h i t e  t o  g reen i sh  and g ray i sh ;  predominantly 
q u a r t z  and f e l d s p a r  w i th  t r a c e  b i o t i t e ,  ep ido te ,  muscovite 
( a l t e r a t i o n  p roduc t? ) ;  t r a c e  magnet i te ;  t r a c e  k a o l i n i t e  
and z e o l i t e  a l t e r a t i o n  of f e l d s p a r ;  g reen i sh  d i sco lo ra -  
t i o n  poss ib ly  due t o  c h l o r i t i z a t i o n  of b i o t i t e ;  t r a c e  
disseminated p y r i t e ;  t race c a l c i t e  as s u r f a c e  coa t ings  
and as disseminated a l t e r a t i o n  product  
10% DIABASE and o t h e r  f ragments  from up-hole 
a la ;  20% slough 
ala; i n c r e a s e  e p i d o t e  and b i o t i t e ;  t r a c e  ca l c i t e - coa ted  
f rac ture  s u r f a c e s ;  common disseminated p y r i t e  
a l a ;  i n c r e a s e  e p i d o t e  and b i o t i t e  





DIABASE, brownish b l ack ,  c r y s t a l s  ?.1 mm, i n d i s t i n c t  
t e x t u r e ,  p o s s i b l y  o p h i t i c  i n  p a r t ;  c o n t a i n s  p l a g i o c l a s e ,  
pyroxene and magnet i te ;  poss ib ly  same rock  as above 
g r a n i t e ;  minor l o c a l  w h i t i s h  c l ay  a l t e r a t i o n  
LEUCOGRANITE a la  
ala; s l i g h t l y  coarser -gra ined  DIABASE; trace serpent ine-  
coa ted  f r a c t u r e d  s u r f a c e s  
a/a;  coarser -gra ined  ( c r y s t a l s  common 2-3 mm); p o s s i b l y  
c o n t a i n s  some o l i v i n e  
a/a; coarser -gra ined ,  c o n t a i n s  common r e d d i s h  brown v i t r e o u s  
i n t e r s t i t i a l  mine ra l  ( r u t i l e ? ) ;  minor w h i t i s h  c l a y  a l t e r n a -  
t i o n ,  o the rwise  v e r y  f r e s h  
a/a; coaser-grained (2-3 mm c r y s t a l s )  
a/a; conta ined  trace s o f t  b l ack  s e r p e n t i n e ( ? )  gouge, 
o c c a s i o n a l l y  w i t h  s l i c k e n s i d e s  
ala;  i n c r e a s e  s l i c k e n s i d e d  g reen i sh  b l a c k  gouge ( s e r p e n t i n e ? ) ;  
conta ined  minor w h i t i s h  c l a y  a l t e r a t i o n  
a/a; common s l i c k e n s i d e d  g reen i sh  b l a c k  gouge; s l i g h t  









7 , 800-7 , 810 
7 , 810-7 , a20 
7,820-7,830 
7,850-7,840 
7,840-7 , 850 
7,850-7,860 
7 , 860-7 , a70 
7,870-7,880 
7,880-7,890 
a/a; r e l a t i v e l y  f r e s h ;  t race drusy  q u a r t z  
h 
a/a;  i n c r e a s e  biotite/chlorite/epidote; rock has  "sha t te red"  
appearance;  trace very  f ine-gra ined  mater ia l  wi th  h igher  
b i o t i t e  con ten t  (poss ib ly  mafic  i n c l u s i o n )  
a/a;  i n c r e a s e  b i o t i t e  / ep ido te ;  %30% very f ine-grained material 
w i t h  h i g h e r  (and v a r i a b l e )  b i o t i t e  con ten t  (poss ib ly  mafic 
i n c l u s i o n s )  ; contained "sha t te red"  appearance;  coxrunon kao l in i -  
z a t i o n  o f  a l l  varieties. 
a /a ;  minor very  f ine-gra ined  b i o t i t e - r i c h  v a r i a t i o n  
Note: 20% sloughed fragments  i n  t h i s  sample due t o  b i t  t r i p  
a/a; s l i g h t  i n c r e a s e  biotite/chlorite/epidote 
Note: conta ined  abnormal s lough from t r i p  
LEUCOGRANITE (cont inued) ,  wh i t e  grades  t o  minor g reen i sh  
and g r a y i s h ,  f i n e  t o  medium-grained(?) w i t h  pe rvas ive  
" sha t t e red"  (microf rac tured)  appearance;  c o n t a i n s  qua r t z ,  
f e l d s p a r  ( a l t e r e d  i n  p a r t  t o  muscovi te ,  k a o l i n i t e ,  z e o l i t e ( ? )  
and c a l c i t e ) ,  b i o t i t e  ( spa r se ) ,  c h l o r i t e  (af ter  b i o t i t e ) ,  
e p i d o t e  ( r e a c t i o n  between b i o t i t e  and f e l d s p a r ? ) ;  trace 
d isseminated  p y r i t e  and magnet i te ;  a l t e r a t i o n  (except  kao l in i -  
z a t i o n )  probable  d e u t e r i c  
a/a; s l i g h t  i n c r e a s e  biotite/chlorite/epidote; s l i g h t  
i n c r e a s e  k a o l i n i z a t i o n  
a/a; s l i g h t  i n c r e a s e  biotite/chlorite/epidote; common 
k a o l i n i z e d  fragments  
a/a; i n c r e a s e  biotite/chlorite/epidote (2-3%?) 
a/a 
a/a; i n c r e a s e  f i n e  gra ined  muscovi te  a l t e r a t i o n  of f e l d s p a r  
a/a;  trace drusy  qua r t z  f r a c t u r e  l i n i n g  
a/a; trace tourmaline i n c l u s i o n s  i n  q u a r t z  
ala; magne t i t e  o c c a s i o n a l l y  i n  e a r t h y  aggrega te  
a/a; d e c r e a s e  mic ro f rac tu red  appearance;  trace s o f t  g reenish  
( c l a y ? )  a l t e r a t i o n ;  Note: k a o l i n i z a t i o n  h a s  remained 
remarkably uniform (3-556 of samples) 
a/a;  d e c r e a s e  mic ro f rac tu red  appearance;  trace t i n y  tourmaline 
n e e d l e s  i n  q u a r t z  
A-37 
7,890-7,900 LEUCOGRANITE ( con t inued) ,  w h i t e  grades t o  minor g ray i sh  and 
g r e e n i s h ,  f i n e  t o  medium-grained wi th  widesparead " sha t t e red"  
appearance ;  con ta ins  q u a r t z ,  f e l d s p a r  (a l tered i n  p a r t  t o  
muscovi te ,  k a o l i n i t e ,  z e o l i t e ( ? ) ,  and c a l c i t e ) ,  b i o t i t e  
( s p a r s e ) ,  c h l o r i t e  ( a f t e r  b i o t i t e ) ,  ep ido te  ( b i o t i t e - f e l d s p a r  
r e a c t i o n ? ) ;  t r ace  ye l low sphene (? ) ,  magnet i te ,  p y r i t e ,  
t ou rma l ine ;  Note: some of q u a r t z  may be i n  v e i n s  
7,900-7,910 a/a 
7,910-7.920 a/a;  s l i g h t  i n c r e a s e  biotite/chlorite/epidote; decrease  
muscovi te  a l t e r a t i o n  of  f e l d s p a r ;  contained miner k a o l i n i -  
z a t i o n  
7,920-7,930 a /a ;  s l i g h t  i n c r e a s e  biotite/chlorite/epidote; decrease  
a l t e r a t i o n  of f e l d s p a r  
7.930-7,940 a/a; 10% kao l in i zed  f ragments ;  decrease  muscovite a l t e r a t i o n  









a/a; 15% kao l in i zed  f r agmen t s  
a/a; i n c r e a s e  muscovi te  a l t e r a t i o n  of f e l d s p a r ;  5% kao l in i zed  
f ragments  
a/a; conta ined  widespread "sha t te red"  t e x t u r e ;  10% kao l in i zed  
f ragments  
a/a; i n c r e a s e  muscovi te  a l t e r a t i o n  of fe ldspar . ;  trace 
tou rma l ine  need le s  i n  q u a r t z  fragments;  minor kao l in i zed  
f ragments  
a/a;  i n c r e a s e  muscovi te  a l t e r a t i o n  of f e l d s p a r ;  t race 
tou rma l ine  need le s  i n  q u a r t z  fragments;  10% k a o l i n i z e d  
f ragments ;  Note: d i f f i c u l t  t o  estimate amount of q u a r t z  
i n  sample due t o  "shattered" t e x t u r e ,  p o s s i b l y  v e r y  l i t t l e  
a/a; i n c r e a s e  a l t e r a t i o n  of f e l d s p a r ;  trace tourmal ine  
n e e d l e s  i n  q u a r t z  f ragments ;  trace very f ine-gra ined  b i o t i t e -  
r i c h  fragments;  10% k a o l i n i z e d  fragments 
a/a; abundant c o a r s e  b i o t i t e  ( i n  monomineral aggrega te  in 
p a r t ) ;  v e r y  abundant c r y p t o c r y s t a l l i n e  t o  m i c r o c r y s t a l l i n e  
w h i t e  and gray  and brown crumbly muscovi te-r ich material 
70% GRANITE, v a r i a b l e  t e x t u r e ,  abundant f i n e  t o  coa r se  
b l a c k  b i o t i t e  w i t h  a s s o c i a t e d  ep ido te  a l t e r a t i o n ,  
o c c a s i o n a l l y  i n  monomineral aggrega te ;  common b lack  
tourmal ine  n e e d l e s  inc luded  i n  coa r se  q u a r t z  (p lus  
f e l d p s a r ? )  g r a i n s  
30% whi t e ,  g ray i sh ,  and g r e e n i s h  crumbly a l t e r e d  material 
w i t h  abundant q u a r t z  ( v e i n s  and qua r t z - r i ch  streaks) 
v a r i a b l e  t e x t u r e s ,  i n c l u d e s  some sheared-looking material;  













a la ;  extremely heterogeneous c u t t i n g s ;  decrease  b i o t i t e ;  
i n c r e a s e  l i gh t - co lo red  crumbly micaceous a l t e r e d  m a t e r i a l ,  
s t r e a k y  i n  p a r t ,  c a l c i c  i n  p a r t ,  s i l i c i f i e d  i n  p a r t ;  
abundant l a r g e  qua r t z  f ragments ,  some wi th  intergrown 
tourmal ine  c r y s t a l s  
80% DIABASE, green i sh  b l ack ,  f ine-grained ( c r y s t a l s  t o  
1 mm) t o  a p h a n i t i c ,  c o n t a i n s  p l ag ioc la se ,  pyroxene, 
magnet i te ;  mild c l a y  a l t e r a t i o n  t o  crumbly incompetent 
rock;  trace s e r p e n t i n e  a l t e r a t i o n  (gouge?);  t race 
m i c r o c r y s t a l l i n e  b a s a l t ;  s p a r s e  p l a g i o c l a s e  phenocrysts  
w i th  v e r y  f i n e  o r i e n t e d  h a i r - l i k e  i n c l u s i o n s  
q u a r t z  aggrega te s  
20% g r a n i t e  f ragments ,  micaceous a l t e r e d  fragments  and 
a la ;  i n c r e a s e  crumbly c l a y  a l t e r a t i o n ;  t e x t u r e  i n d i s t i n c t ;  
trace m i c r o c r y s t a l l i n e  BASALT; abundant v e i n  q u a r t z  
ala; n e a r l y  100% DIABASE; dec rease  c l ay  a l t e r a t i o n  and 
q u a r t z  v e i n s ;  trace SERPENTINE 
DIABASE, g r e e n i s h  b lack ,  most ly  e q u i g r a n u l a r , c r y s t a l s  t o  2 m; 
con ta ins  p l a g i o c l a s e ,  pyroxene, magnet i te ;  o c c a s i o n a l l y  
l a r g e  f e l d s p a r  phenocrys ts  (3-4 mm) wi th  h a i r - l i k e  b lack  
i n c l u s i o n s ;  trace v e i n  q u a r t z  and sheared material; trace 
which c l a y  a l t e r a t i o n  of d i a b a s e ;  trace SERPENTINE 
a/a; f i n e r - g r a i n  (<1 mm c r y s t a l s )  
a/a; f i n e r - g r a i n ,  g rades  t o  m i c r o c r y s t a l l i n e ;  .30% l i g h t -  
co lo red  crumbly micaceous a l t e r e d  material and minor v e i n  
q u a r t z  
80% heterogeneous c u t t i n g s ,  most ly  l i gh t - co lo red ,  f i n e -  
g r a i n ,  crumbly, a l t e r e d  ( sheared?)  material and lesser 
v e i n  q u a r t z ;  trace b i o t i t e - r i c h  aggregate  
20% DIABASE a/a 
70% c r y p t o c r y s t a l l i n e  m i c r o c r y s t a l l i n e  a l t e r e d  material, 
wh i t e  t o  l i g h t  g r e e n i s h  gray ,  mot t led  t e x t u r e ;  s o f t ,  
crumbly, conta ined  predominant ly  c h l o r i t e  and wh i t e  
clay ( k a o l i n i t e ? ) ;  trace v e i n  qua r t z  
30% f ine-gra ined  DIABASE, green-black, r e l a t i v e l y  f r e s h  
a/a; 10% f ine-gra ined  DIABASE; v e r y  abundant q u a r t z  (ve ins  
and q u a r t z - r i c h  s t r e a k s ) ;  trace d iaggrega te  c o a r s e  b i o t i t e  
flakes, a s s o c i a t i o n  unknown 
a/a;  5% f ine -g ra ined  DIABASE; v e r y  abundant brownish b l ack  
b i o t i t e ,  p a r t l y  c h l o r i t i z e d ,  a s s o c i a t e d  wi th  r e l a t i v e l y  
coarse-grained green-black amphibole(?);  conta ined  abundant 
q u a r t z  
A-39 











40% w h i t e  t o  g reen i sh  gray a l t e r e d  mater ia l  a /a ;  contained 
30% DIABASE o r  BASALT 
20% d i saggrega ted  coa r se  b i o t i t e  f l a k e s  
10% coarse-grained hornblende-b io t i te  ( p l u s  minor 
Note: Hornblende-b io t i te  rock appears  i n  p l a c e  b e f o r e  
abundant q u a r t z  v e i n s  and in t e rg rowths  
f e l d s p a r ? )  rock 
a l t e r a t i o n  occurred  
95% a l t e r e d  rock ,  wh i t e  t o  g reen i sh  g ray ,  predominantly 
extremely f ine -g ra ined ,  most ly  crumbly c h l o r i t e  and 
k a o l i n i t e  w i t h  common qua r t z  v e i n s  and in t e rg rowths  
5% DLABASE/BASALT and lesser ho rnb lende -b io t i t e - f e ldspa r  
f ragments;  t r a c e  d isaggrega ted  c o a r s e  b i o t i t e  f l a k e s  
a/a; t r a c e  ho rnb lende -b io t i t e  rock;  trace l a r g e  (4  mm) 
p l a g i o c l a s e  phenocrys ts ;  Note: f i r s t  sample a f t e r  t r i p  
40% hornblende-b io t i te - fe ldspar  amphibol i te ,  green-gray, 
medium(?)-grained, i nc ludes  10% d i s a g g r e g a t e  c o a r s e  
b i o t i t e  f l a k e s ;  much a l t e r e d  t o  l i g h t  green-gray c h l o r i t e  
30% r e l a t i v e l y  f r e s h  DIABASE a/a 
20% w h ’ i t e  q u a r t z  and f e l d s p a r  f ragments  w i t h  some a s s o c i a t e d  
10% w h i t e  t o  l i g h t  g ray  crumbly a l t e r e d  material a/a 
biotite/chlorite/epidote/pyrite 
70% hornblende-b io t i te - fe ldspar  amph ibo l i t e ,  green-black,  
medium-grained w i t h  minor a l t e r a t i o n  t o  green-gray 
c h l o r i t e ;  c o n t a i n s  t race euhedra l  a p a t i t e  and d isseminated  
calcite 
30% DIABASE and a l t e r e d  material a/a 
a/a; 90% AMPHIBOLITE; i n c r e a s e  a l t e r a t i o n ;  trace ca l c i t e  
v e i n s  ; trace i n  t ergrown e p i d o t e  
a/a; 90% AMPHIBOLITE; dec rease  b i o t i t e ,  i n c r e a s e  ep ido te ;  
much of amphibole is now a c t i n o l i t e ;  trace q u a r t z  v e i n s  
a/a; 90% AMPHIBOLITE; both hornblende and a c t i n o l i t e  are 
p r e s e n t ;  d e c r e a s e  b i o t i t e ;  trace c a l c a r e o u s  v e i n s ;  trace 
c h l o r i t e  a l t e r a t i o n  
Nearly 100% h o r n b l e n d e - a c t i n o l i t e - b i o t i t e  AMPHIBOLITE (cont inued) ,  
gray-green t o  green-black, f i n e  t o  medium g ra ined ;  trace 
ye l low sphene(?)  and w h i t e  a p a t i t e  pr isms;  trace ca l ca reous  
veins; trace c h l o r i t e  a l t e r a t i o n ;  trace d i a b a s e  fragments;  
trace crumbly w h i t e  t o  gray bleached a l t e r a t i o n  
a/a; i n c r e a s e  a l t e r a t i o n  and ca l ca reous  ve in ing ;  b i o t i t e  turn-  
i n g  brown 
a/a; 30% b l a c k  a p h a n i t i c  microprophyry 
igneous rock ,  conta ined  brown b i o t i t e  and common v i t r e o u s  brown 
a l t e r a t i o n  of amphiboles 














70% b l a c k  a p h a n i t i c  igneous rock a / a ,  g rades  to f ine-gra ined  
30% p a r t l y  a l t e r e d  AMPHIBOLITE a / a  
d i a b a s e  
A l t e r e d  and s i l i c i f i e d  i n t e r v a l :  
50% s i l i c i f i e d  fragments  (ve in  quar tz  p l u s  q u a r t z  i n t e r -  
growths i n  w h i t i s h  a l t e r e d  rock) ;  t r a c e  c h l o r i t e  
a l t e r a t i o n  
40% AMPHIBOLITE 
10% DIABASE ( a p h a n i t i c  t o  f ine-gra ined)  
Note: t h i s  sample conta ined  much slough from h ighe r  i n  ho le  
95% AMPHIBOLITE, deep gray-green, f i n e  t o  medium g ra ined ,  
c o n t a i n s  predominant ly  b i o t i t e  and green  amphibole wi th  
less well-developed c leavage  than above; trace brownish 
and g reen i sh  w a x y  sheared material 
5%’ b l a c k  a p h a n i t i c  t o  f ine-grained DIABASE 
95% AMPHIBOLITE w i t h  v a r i a b l e ,  o f t e n  i n d i s t i n c t  t e x t u r e ,  
c o n t a i n s  a c t i n o l i t e ,  hornblende (minor) ,  b i o t i t e ,  c h l o r i t e ( ? ) ,  
trace f e l d s p a r ;  trace waxy pol i shed  s h e a r  s u r f a c e s ;  t r a c e  
c a l c a r e o u s  v e i n s ;  p o s s i b l y  grades t o  
5% b l a c k  a p h a n i t i c  t o  f ine-gra ined  HORNFELS(?) 
Note: sample g i v e s  impress ion  through t e x t u r a l  and mineral-  
o l o g i c a l  v a r i a b i l i t y  of incomplete r e c r y s t a l l i z a t i o n  of maf ic  
igneous  rock  
a /a ;  even broader  textural and mine ra log ica l  g rada t ion  
between a p h a n i t i c  b l a c k  rock  and amphibol i te ;  incomplete 
r e c r y s t a l l i z a t i o n  
a/a; 100% AMPHIBOLITE; trace epidote ;  trace f r a c t u r e d  o r  
shea red  s u r f a c e s  coa ted  w i t h  s e r p e n t i n e ( ? ) ;  trace g reen i sh  
and brownish t a l c - l i k e  sheared mater ia l  
a/a; 100% AMPHIBOLITE 
a/a; 100% AMPHIBOLITE 
AMPHIBOLITE (cont inued) ,  g r a y i s h  green,  f ine-gra ined ,  c o n t a i n s  
ac t ino l i te ,  b i o t i t e ,  c h l o r i t e ,  magnet i te ,  trace hornblende; 
trace f ine-gra ined  brown micaceous mine ra l  ( a l t e r a t i o n  p roduc t? ) ,  
trace c l ayey  w h i t e  t o  g r e e n i s h  c l a y  a l t e r a t i o n ;  trace t a l c - l i k e  
shea red  material 
a/a; some fragments  w i t h  i n t e r s t i t i a l  b l a c k  a p h a n i t i c  material 
( u n r e c r y s t a l i z e d  b a s a l t ? ) ;  s l i g h t  i n c r e a s e  t a l c - l i k e  sheared 
material; trace f r e s h  BASALT and/or  DIABASE 
a/a; AMPHIBOLITE grades  t o  minor s l i g h t l y  b i o t i t i z e d  BASALT(?); 
common w h i t i s h  t o  g r e e n i s h  t a l c - l i k e  sheared  material;  trace 
s o f t  l i g h t  g reen i sh  f i b r o u s  minera l  
A-4 1 
8,370-8,380 a /a ;  t race c a l c a r o u s  v e i n s ;  common f ine-gra ined  yellow- 
brown micaceous mine ra l  i n  clumps ( c h l o r i t e  v a r i a t i o n ?  
phlogopi te?  marga r i  t e?)  
8,380-8,390 a /a ;  common i n c i p i e n t  greenish  w h i t e  c l a y  a l t e r a t i o n ;  
common yellow-brown micaceous mine ra l  
8,390-8,400 AMPHIBOLITE (cont inued) ,  medium t o  da rk  gray-green, f i n e -  
g ra ined ,  c o n t a i n s  green a c t i n o l i t e ,  brownish b l a c k  b i o t i t e ,  
trace b l a c k  hornblende,  trace yellow-brown micaceous min- 
eral  i n  f ine-gra ined  c l o t s  (poss ib ly  r e t r o g r a d e  a l t e r a t i o n  
of a c t i n o l i t e ) ,  c h l o r i t e ,  magnet i te ;  minor g reen i sh  wh i t e  
c l a y  a l t e r a t i o n ;  trace t a l c - l i k e  sheared  material  
8,400-8 , 410 a/a 
8,410-8,420 a/a;  s l i g h t  i n c r e a s e  c l a y  a l t e r a t i o n  and shea r ing  
8,420-8,430 a/a; dec rease  yellow-brown micaceous minera l ;  i n c r e a s e  
c l a y  a l t e r a t i o n  and shear ing  
8,430-8,440 a/a 
8,440-8,450 a/a; abundant g r e e n i s h  whi te  c l a y  a l t e r a t i o n ;  dec rease  
yellow-brown micaceous minera l  
8,450-8,460 a/a; poor ly  d e f i n e d  t e x t u r e ;  i n c r e a s e  brown b i o t i t e ;  
dec rease  w e l l  formed amphibole c r y s t a l s ;  v e r y  abundant 
d i sseminated  magne t i t e ;  poss ib ly  less r e c r y s t a l i z e d  
8,460-8,470 a/a; poor ly  d e f i n e d  mot t led  t e x t u r e  w i t h  abundant l a r g e  
. brown b i o t i t e  c r y s t a l s ;  _ i n c r e a s e  c l a y  a l t e r a t i o n  and 
shea r ing  
8,470-8,880 a/a; many f ragments  only  p a r t l y  r e c r y s t a l l i z e d ,  con ta ins  
j e t  b l a c k  a p h a n i t i c  matrix ( b a s a l t ? ) ;  common c l a y  altera- 
t i o n  and t a l c - l i k e  sheared material 
8,480-8,490 same as 8,470-8,480 fee t  
t 
8,350-8,360 a/a;  grades  t o  minor s l i g h t l y  b i o t i t i z e d  b a s a l t ( ? ) ,  
minor mild a l t e r a t o n  (bleaching)  t o  f ine-grained whi te  
subs t i  t u t e  ( k a o l i n i t e ?  ) 
Note: a c t i n o l i t e  becoming l igh te r - co lo red  
8,360-8,370 a/a;  grades  t o  t r a c e  s l i g h t l y  b i o t i t i z e d  b a s a l t ( ? )  
8,490-8,500 P a r t l y  metamorphosed BASALT(?), gray-green t o  b lack ,  
a p h a n i t i c  t o  f ine-gra ined;  a c t i n o l i t e ,  b i o t i t e ,  and c h l o r i t e  
c r y s t a l i z i n g  from j e t -b l ack  a p h a n i t i c  material ( U O % )  c o n t a i n s  
much magne t i t e ,  occas iona l ly  w i t h  h i n t  of r e l i c t  vo lcan ic  
t e x t u r e ;  abundant  g reen i sh  wh i t e  c l a y  a l t e r a t i o n  ( c h l o r i t e  
i n  p a r t ? )  and t a l c y  sheared material 
A-42 





8 , 5 4 0 4 , 5 5 0  
8,550-8,560 
8,560-8,565 
Note: b i o t i t e  i s  f i r s t  mine ra l  t o  grow l a r g e  c r y s t l s ;  
b l a c k  a p h a n i t i c  material appears  t o  be i n c i p i e n t  r e c r y s t a l -  
i z a t i o n  t o  amphibole 
a /a 
a/a;  s l i g h t  d e c r e a s e  i n  a l t e r a t i o n  and shea r ing  
a/a; dec rease  b l a c k  a p h a n i t i c  material; contained abundant 
g r e e n i s h  c l a y  a l t e r a t i o n ;  trace SERPENTINE 
a/a;  v e r y  l i t t l e  b l a c k  a p h a n i t i c  material; predominantly 
g r e e n  a c t i n o l i t e - b i o t i t e  AMPHIBOLITE; conta ined  abundant 
g r e e n i s h  c l a y  a l t e r a t i o n ;  Note: t h i s  sample c o n t a i n s  much 
s lough  and f i b r o u s  pump-packing material  
AMPHIBOLITE, gray-green, f i ne -g ra ined  w i t h  v a r i a b l e ?  poor ly  
d e f i n e d  t e x t u r e ,  c o n t a i n s  a c t i n o l i t e ,  b i o t i t e ,  magnet i te ;  
abundant g reen i sh  c l a y  ( p l u s  c h l o r i t e ? )  a l t e r a t i o n ;  common 
t a l c - l i k e  sheared  material; t r a c e  q u a r t z  v e i n s ;  common bla.ck 
a p h a n i t i c  poor ly  r e c r y s t a l i z e d  material; Note: sample c o n t a i n s  
much slough from h i g h e r  i n  ho le  (10-15%) and f i b r o u s  pwnp- 
packing  mater ia l  
a/a; 30% s lough (very large f ragments )  
a/a; conta ined  abundant c l a y  a l t e r a t i o n ;  conta ined  much 
( T o t a l  Depth) s lough  
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Appendix B 
Temperature Logs f o r  USA {Ill-36 
Temperature Log /I1 
Hole: Depth - 8,565 feet 
Diameter - 12-114 inches 
Casing - 13-318 inches/2,701 feet 
Instrument: Serial No. 113 
Element Range - 100"-580°F 
Clock: 12 hr-7-1/2 turn 
Halt circulation: 8:50 AM, 6/28 
First stop: 1:02-1:12 PM, 6/28, depth 5,000 ft; stabilization 4 hours 
22 minutes 
On bottom: 3:29-3:49 PM, 6/28; stabilization time 6 h o u r s  59 minutes 
Description: 9 minute stops, 20 minutes on bottom 
Depth (ft) 
5 , 000 
5 , 500 
5,750 
6 , 000 
6,250 




8 , 300 












203 e 4 
205.5 
216.4 
TemDerature LOP 82 
Hole: Depth - 8,565 feet 
Diameter - 12-114 inches 
Casing - 13-3/8 inches/2,701 feet 
Instrument: Serial No. 113 
Element Range - 100"-580"F 
Clock: 12 hr-7-1/2 turn 
Halt circulation: 8:50 AM, 6/28 
First stop: 8:44-8:54 AM, 6/30; depth 5,000 feet; stabilization 
48 hours 4 minutes 
Last stop: 11:44-12:14 PM, 6/30; depth 8,575 feet; stabilization 
51 hours 24 minutes 
Description: 9 minute stops, 20 minutes on bottom 
Depth (ft) Temperature (OF) 
5 , 000 
5 , 500 
5,750 
6,000 




8 , 000 
8 , 300 






226 e 9 





253 - 3 
255.4 
Temperature Log #3 
Hole: Depth - 8,565 f e e t  
Diameter - 12-1/4 i n c h e s  
Casing - 13-3/8 inches /2 ,701  f e e t  
Ins t rument :  S e r i a l  No. 113 
Element Range - 100"-580"F 
Clock: 1 2  hr-7-1/2 t u r n  
H a l t  c i r c u l a t i o n :  8:50 AM, 6/28 
F i r s t  s t o p :  6:30-6:40 PM, 6/30; depth  500 f e e t ;  s t a b i l i z a t i o n  81  hours  
50 minutes  
L a s t  s t o p :  1:46-1:56 AM, 7 / 1 ;  depth  8,526 f e e t ;  s t a b i l i z a t i o n  89 hour s  
6 minutes  
Desc r ip t ion :  con t inuous  t r a v e r s e ,  20 f e e t / m i n u t e ,  500 f e e t  t o  t o t a l  
depth ;  10-minute stops a t  500 feet  and bottom. 
Depth ( f t )  Temperature ( O F )  
( s e e  a t t a c h e d )  
. . . . . . . . . . . . . . . . . . . . . - .. . . - . . . - . . . ~~- ~- ~ ~~~ ~~~ 
. .  - ._ . .  ... 
. 
..- . 
ac hu c k SI< o n f i e 1 d 
SURVEY DATA -- 
DEPTH mr.IP. 
h 5 L U  m 1  
451,O 200.142 
1,560 200.63 1u90 150.21 
1900 156.L2 
72/10 2 3 j . 0 5  
7260 233.05  11580 201.05  




1,6 o 204.  12 
1,6 2 o 205.68  
1,720 208.63 




4810 2 1 0 . 9 5  
1,860 2 1 1 . 3 7  
4880 211.58  
1,780 210.53 
14900 212.00 
1,920 2 1 2 . 2 1  
4940 212,112 
li980 212 . 8 4  
1,960 212.63  
5000 213.05  
5020 213.25  
1920 156.81, 
1910 1 5 7 . 0 5  
1 9 6 0  1 5 7 . 6 8  
59110 2 2 7 . 3 7  
5460 2 2 8 . 2 1  
5980 2 2 & . d 4  
6000 229.26  
6020 229.1~7 
601i0 229.68 
6060 229.89  
6OtlO 230.11  
6100 230.32 
6 1 2 0  230.53 
611,o 230.71, 
61.60 230 .95  
6180 230.95  
6200 231.16  
6220 231.37  
621,o 2 3 1 . 5 8  
6260 231.79  
6280 2 3 1 . 7 9  
6300 2 3 2 . 0 0  
$320 232 .00  
bj1,O z 3 2 . 2 1  
6360 2 3 2 . 2 1  
63d0 232.42 
6/,00 232.13 
6,120 232.13  
0111,o 2 1 2  I112 
61,60 2 3 2 . ~ 2  
6L80 232 .1,2 
6500 232.L2 
L j 2 G  ;;2.i,2 
65/10 232.1'2 
6560 2 3 2 . ~ 2  
6580 2 3 2 . ~ 2  
6600 232.1,2 
6620 2 3 2 . ~ 2  
6 6 ~ 0  2 3 2  .1,2 . 
6660 2 3 2 . 1 2  




6760 2 3 3 . 0 5  
6780 2 3 3 . 0 5  
6000 233 .05  
6820 233.05 
810 233.05  
6880 233.05 
6900 233.05  
6920 233.05  
69hO 233.05  
6960 233.05  
6980 233 .05  
7000 233.05  
7020 233.05  
70110 233.05 
7060 233.05 
euCo 233.05  
3280 186.95  
3300 1117.16 
3320 1 6 7 . 3 7  1900 158,11 
2000 1 5 8 . 9 5  
2020 1 5 8 . 1 5  
201,O 1 5 9 . 1 6  




211,o 1 6 2 . 5 3  
216,o i 0 2 . s ~  
1 8 9 . 0 5  7/1(!0 231,. 35 
7500 2 3 1 k . 3 5  
75/+0 234.95  
7520 23b.95 
7560 234.95  
7580 234.32 
7600 '1 2  2 3 4 . 3 2  L.
76/10 231,. 5 3  
7660 231b.95 




7 r/..o 2 3 6 . L ' ~  
771 0 237.  I , ' /  
7820 21,0.11 
7810 2lr0.21 
q o 1 n  , Y "V L ? I n  .*" . .,- 
7880 21,O.lZ 
7900 21,0.&3 




go20 2 W . l J  
80LO 2112 .:1
7900 21,i.eg 
351 iO 1 9 0 . 1 1  
3560 190.11 
3580 1 9 0 , 3 2  
7600 1 9 0 . 7 4  
5620 191.16 
3 6 ~ 0 .  1 9 2 . 0 0  
3660 1 9 2 . 0 4  
7600 1 9 3 . 2 6  
3420 195.16 
jui.U 19j.i6 
3 S t O  195.16 
3Cb0 1 9 5 . 1 6  
3900 195.16 
3920 1 9 5 , 1 6  





4000 1 9 5 . 7 9  
5260 2 1 6 . 2 1  
5280 ~ 217.66 
5320 219.37 
5340 220.00  





51klb0 4  220b811 .81, 
5 1 d O  221 .05  
5500 221.05  
5520 221.05 
5560 221.26 
5600 221.26  
5660 221.1+7 
5540 221.05  
5580 221.26 
5620 221.26 
5610 221.47  








26110 1 7 3 . 2 2  
2700 1'77.68 
24'3 1 7 2 . 1 2  
dolo 2 4 2 . 1 1  
8000 242.11  
8100 2 / 2 . 1 1  
0120 2 1 b 3 . 5 U  
81/10 2LI , .U5 
2720 17i+.53 4060 , 1 9 6 . 2 1  
27140 1 7 5 . 1 6  1,080 196.42 
2760 176.00  1,100 1 9 6 . 6 3  
1,120 196.63 2730 176.42 
2!;1,0 1 7 7 . 2 6  
2860 1 7 7 . 4 7  
? G i l O  177.89 
2900 178.74  





2520 1 7 7 . 2 6  

















1,300 1 9 9 . 1 6  
L1,OO 1 9 9 . 3 7  
4 / 2 0  199.37 
41,110 
I+b60 i8 : 7;  
1280 1 9 8 . 5 3  
t?"O"o mi;% 
3003 162.53  
3020 ld2.95 
301,o I . i j?.  50 
3060 I.i.'1,.00 
j oso  l G 1 , . 2 l  
3100 1:; 1 , .  1,2 
8380 2 ~ 9 . ~ 9  
0400 250.32 
8 ~ 2 0  251.16  
0 LI iO  2 52. i 2  
7 0 ~ 0  z j j . 0 5  
7100 233.05  
7120 233.05 ii% z;E:/d? 7110 233.05  
5820 222.32 71JO 233.05  
~ B L O  2 2 3 . 1 6  


